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ABSTRACT 


The  investigation  of  the  phytoplankton  of  Wabamun  Lake 
commenced  in  mid-May,  1968,  and  continued  to  the  end  of 
May,  1969.  Wabamun  Lake  is  a  shallow,  hardwater,  mesotrophic- 
eutrophic  lake  which  is  characterized  by  an  absence  of  blue- 
green  algal  blooms  during  the  summer,  unlike  many  of  the 
lakes  of  the  immediate  vicinity. 

A  power  plant  on  the  northeast  shore  of  Wabamun  Lake 
uses  lake  water  in  its  cooling  system  and  emits  it  as  a 
heated  effluent  into  the  lake.  This  practice  has  resulted 
in  a  portion  of  this  lake  becoming  heated  in  the  surface 
meter  and  remaining  ice-free  all  year  around.  Station  #1 
was  established  as  a  permanent  sampling  station  in  the 
heated  area  while  station  #2  was  located  in  a  remote, 
unaffected  portion  of  the  lake. 

Physical,  chemical,  and  biotic  data  are  presented  in 
this  thesis  and  the  relation  of  these  data  to  phytoplankton 
ecology  is  discussed.  The  decline  of  the  vernal  diatom 
maximum  has  been  attributed  to  a  combination  of  a  decrease 
in  the  amount  of  soluable  silica  and  increased  temperature. 

The  Chrysophyte  Dinobry  on  sevtularia  and  the  diatom 
Tabellaria  fenes trata  both  exhibited  a  vernal  maximum. 

The  ecology  of  the  blue-green  alga  Lyngbya  limnetica 
is  not  completely  understood,  but  it  has  been  reported  that 
this  species  is  an  autumnal  warm-water  species  which  occurs 
in  oligotrophic  lakes.  This  species  occurred  in  abundance 
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at  both  stations  at  Wabamun  Lake  during  the  autumn,  but 
this  lake  is  certainly  not  oligotrophic . 

The  vertical  distribution  of  the  phytoplankton  of 
Wabamun  Lake  showed  that  the  phytoplankton  species  compos¬ 
ition  was  qualitatively  homogeneous  at  both  station  #1 
and  station  #20  The  data  show  that  quantitatively,  the 
phytoplankton  exhibited  a  heterogeneous  vertical  distri¬ 
bution,  but  the  degree  of  heterogeneity  varied  consider¬ 
ably  at  different  depths  and  at  different  times . 

A  horizontal  distribution  study  of  the  dominant 
Cyanophyte,  Lyngbya  limnetica  indicated  that  there  was  a 
wide  regional  variation  in  the  distribution  of  this  specie 
even  though  the  two  permanent  sampling  stations  had  this 
species  present  in  nearly  equal  numbers . 

In  September  the  total  phytoplankton  crop  at  both 
stations  was  greater  than  during  any  other  month „  However 
the  total  phytoplankton  crop  at  station  #2  was  331  greater 
than  that  at  station  #1  and  this  difference  is  attributed 
to  the  fact  that  station  #2  received  more  light0  The 
intense  growth  of  submersed  aquatic  vascular  plants  at  the 
water's  surface  at  station  #1  reduced  light  penetration 
and  resulted  in  a  lower  total  phytoplankton  crop0  The 
extensive  growth  of  the  submersed  aquatic  vascular  plants 
is  thought  to  be  related  to  the  thermal  gradient  of  the 
heated  zone,  but  no  experimental  evidence  is  available  to 
establish  this  conclusion., 

The  community  coefficient  indicated  that  the  phyto¬ 
plankton  of  the  surface  meter  of  the  two  sampling  stations 
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were  most  similar  during  the  maximum  of  the  Cyanophyte 
Lyngbya  limnetioa .  It  was  also  found  that  the  annual  cycle 
of  the  phytoplankton  varied  from  May  1968  to  May  1969  since 
certain  species  were  abundant  in  May  1968  but  were  poorly 
represented  during  May  1969 . 

It  is  concluded  that  the  presence  of  the  heated 
effluent  has  no  effect  on  the  species  composition  of  the 
phytoplankton.  However,  Fragilaria  oapucina3  Synedva  ulna 
and  Melosira  spp .  (mostly  M.  granulata )  exhibited  different 
periodicities  at  each  station  which  may  be  related  to  the 
heated  effluent,  but  the  importance  of  temperature  is 
difficult  to  determine  since  light  intensity  and  temperature 
are  inter- related  in  photosynthesis. 
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INTRODUCTION 

In  the  past  ten  years  there  has  been  much  interest, 
and  concern,  amongst  biologists  regarding  the  effect  of 
heated  effluents  from  power  plants  on  the  aquatic  ecosystem 
Most  of  these  ecological  studies  have  been  made  on  the 
effect  of  heated  effluents  on  river  biota  and,  to  my 
knowledge, no  work  has  been  done  in  studying  the  effect  of 
heated  effluents  on  lake  biota. 

The  main  reason  for  the  study  of  phytoplankton  ecology 
in  Wabamun  Lake  was  to  see  if  the  development  of  a  heated 
zone,  due  to  the  emission  of  a  heated  effluent  from  the 
Calgary  Power  Ltd.  electric  power  plant  (Wabamun) ,  had  an 
effect  on  the  species  composition  of  the  phytoplankton  or 
caused  quantitative  differences  in  the  phytoplankton  commun 
ity.  Station  #1  was  established  as  a  permanent  sampling 
station  in  the  heated  zone,  while  station  #2  was  located  in 
a  remote,  unaffected  portion  of  the  lake. 

During  the  past  ten  years  studies  have  been  made  of 
phytoplankton  distribution  and  ecology  in  various  lakes  of 
Northern  Alberta.  Carefoot  (1959)  made  a  qualitative 
study  of  the  phytoplankton  of  many  lakes  in  this  vicinity 
which  has  led  to  more  detailed  quantitative  limnological 
work  in  phytoplankton  ecology.  Muir  Lake  and  Hastings  Lake 
(Bozniak  1966)  were  the  first  two  lakes  to  receive  a 
comprehensive  study  of  phytoplankton  seasonal  succession, 
periodicity,  and  distribution.  Astotin  Lake  (Lin  1968) 
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was  the  next  lake  to  be  critically  studied  and  Lin's 
research  has  elucidated  the  problems  associated  with  the 
control  of  blue-green  algal  blooms. 

This  thesis  on  phytoplankton  ecology  in  Wabamun  Lake 
is  another  contribution  to  the  regional  limnology  of 
northern  Alberta.  In  this  study  there  were  two  main 
objectives.  The  first  objective  was  to  obtain  information 
on  the  species  composition,  seasonal  succession,  and  the 
vertical  and  horizontal  distribution  of  the  phytoplankton 
in  Wabamun  Lake  with  special  reference  to  station  #1  and 
station  #2.  The  second  objective  was  to  study  some  of  the 
physico-chemical  factors,  with  special  attention  to 
temperature  gradients,  which  were  considered  to  be  related 
to  phytoplankton  ecology. 

Until  the  present  study,  the  phytoplankton  species 
composition  of  Wabamun  Lake  had  not  been  studied  in  detail 
and  no  information  was  available  as  to  the  seasonal  success¬ 
ion  or  periodicity  of  the  few  species  that  were  known  to 
exist  in  this  lake.  Furthermore,  the  effect  on  the  phyto¬ 
plankton  community  of  the  regular  addition  of  warmed  water 
to  the  lake  has  not  been  investigated. 
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LITERATURE  REVIEW 

I.  Phytoplankton  Periodicity  and  Succession 

Interest  in  the  study  of  phytoplankton  is  as  old  as 
microscopy.  To  limnologically  minded  phycologis ts ,  phyto¬ 
plankton  are  more  than  mere  organisms.  The  periodicity 
and  succession  of  algal  species  may  affect  the  higher 
components  of  the  food  chain  and  therefore  have  economic 
significance  (Fogg  1965) . 

’’Differences  in  the  algal  flora  can  rarely  be  used  to 
identify  response  to  a  single  factor,  as  many  significant 
factors  are  likely  to  vary  simultaneously,  and  their 
separation  by  an  analysis  of  multiple  correlations  (Deevey 
1940)  must  be  far  from  complete"  (Tailing  1962).  However, 
comparisons  have  increased  our  knowledge  of  the  tolerance 
of  many  species,  and  have  helped  us  to  understand  the 
differences  in  the  floras  of  unproductive  and  productive 
lakes  (Pearsall  1921,  1932).  These  differences  can  be  much 
greater  than  is  suggested  by  the  analysis  of  the  major 
inorganic  nutrients  (Lund  1957). 

A  generalized  picture  of  succession  is  presented  by 
Rodhe  et  al .  (1958)  and  is  based  on  studies  of  an  eutrophic 

Swedish  lake.  It  was  found  that  in  early  spring  the  phyto¬ 
plankton  was  characterized  by  a  large  standing  crop  of 
diatoms  followed  soon  by  flagellates.  These,  in  turn,  were 
followed  by  green  algae  and  then  by  blue-green  algae.  The 
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blue-green  algae  of  late  summer  and  early  fall  were  succeed¬ 
ed  by  diatoms  which  indicated  a  cyclic  seasonal  succession 
for  diatoms. 

1.  Temperature  and  Light. 

Certainly,  many  factors  are  involved  in  phytoplankton 
succession.  Two  of  the  most  important  factors  are  thought 
to  be  temperature  and  light  because  of  the  effect  that  they 
have  on  photosynthesis  and  growth  of  algae.  Lund  (1965b) 
claims  that  it  is  indeed  impossible  to  separate  light  from 
temperature  because  of  their  inter-relations  in  photosyn¬ 
thesis  (e.g.  light  saturation).  The  photosynthetic 
characteristics  of  freshwater  algae  are  similar  to  those 
of  other  plants  and  have  been  related  to  limnological 
problems  such  as  under-water  radiation  and  temperature 
(Tailing  1957a,  b,  1962) . 

Experiments  with  algae  have  revealed  that  light  of 
high  intensity  is  detrimental  to  plant  cells,  especially 
when  the  phytoplankton  populations  are  exposed  for  a 
continuous  period  near  the  surface  (Goldman,  Mason  and 
Wood  1963) .  Under  algal  bloom  conditions  the  abundance  of 
organisms  near  the  surface  acts  as  a  light  screen  and 
decreases  under-water  radiation.  Hobbie  (1964)  found  high 
primary  productivity  under  the  winter  ice  of  an  arctic 
Alaskan  lake  but  production  deeply  decreased  in  June  and 
July.  This  phenomenon  was  explained  in  terms  of  a  decreased 
period  of  time  in  the  photic  zone  of  the  lake  with  the 
increased  circulation  of  the  water  in  mid-summer. 
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The  rate  at  which  a  phytoplankton  population  grows 
(i„e„  cell  division)  is  very  dependent  on  temperature  and 
light  intensity  and  an  excess  of  either  will  have  detri¬ 
mental  effects  (Sorokin  and  Krauss  1965,  Thomas  1966), 
Excessive  light  exposure  will  result  in  photo- inhibition  of 
cell  division  and  growth  (Cook  1968) . 

The  quality  of  light  is  also  very  important  to  algae 
and  may  be  a  limiting  factor.  Ultraviolet  light  is  espec¬ 
ially  harmful  to  phytoplankton  (Gessner  and  Diehl  1951, 
Hoather  1955,  Godward  1962).  When  algae  are  in  the  dark 
they  live  on  their  reserve  food  substances  and  respire  very 
slowly.  In  this  state  small  amounts  of  blue  light  can 
stimulate  their  dark  metabolism  considerably  and  enhance 
respiration  and  fermentation  (Kowallik  and  Gaffron  1967) . 

In  the  past  it  has  been  suggested  that  temperature  is 
the  decisive  factor  in  the  seasonal  succession  of  phytoplank¬ 
ton.  However  Findenegg  (1943,  1947)  and  Rodhe  (1948)  point 
out  that  many  of  the  species  predominant  in  spring  reappear 
in  quantity  in  autumn  when  the  temperature  is  much  higher, 
although  not  far  below  that  in  summer.  Cyanophyta,  apart 
from  a  few  species  of  Osoillatoria ,  are  only  abundant  in 
summer  and  autumn  and  their  abundance  is  the  result  of 
combined  light  and  temperature  relations  (Findenegg  1943) . 
According  to  Findenegg,  an  alga  which  grows  best  in  cold 
water  and  weak  light  will  predominate  in  winter  while  one 
favoured  by  cold  water  but  strong  light  will  be  a  vernal 
species.  Thus,  it  is  possible  to  classify  nearly  all 
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phytoplankton  ecologically,  although,  as  Findenegg  indicates, 
chemical  factors  will  affect  the  clarity  of  these  periodical 
patterns  o 

Plankton  have  been  designated  as  those  confined  to  a 
range  of  low  temperatures  (oligothermal  or  cold  stenothermal 
species)  ,  those  confined  to  a  range  of  high  temperatures 
(polythermal  or  warm  stenothermal  species)  ,  and  those  that 
are  able  to  tolerate  a  wide  temperature  range  (eury thermal) 
by  Ruttner  (1937).  However,  there  is  no  experimental 
evidence  to  indicate  that  any  plankton  alga  is  a  cold 
stenotherm  (Lund  1964),  despite  the  existence  of  Findenegg's 
and  Ruttner' s  winter  and  spring  forms.  Phytoplankton  which 
are  often  characteristic  of  one  season  do  sometimes  flourish 
in  quite  different  ones  (Oksiyuk  1957) .  Probably  this 
observation  can  be  explained  in  terms  of  certain  algae  being 
able  to  grow  better  over  a  given  range  of  temperature  and 
light  than  others.  Although  they  can  grow  over  the  whole 
range  to  which  they  are  normally  exposed,  if  other  conditions 
are  suitable  they  are  favoured  by  a  reduction  in  competition 
in  the  period  suitable  for  them  but  less  suitable  for  others 
(Lund  1965b)  .  Pyrina  (1959)  suggests  that  too  much  emphasis 
can  be  placed  on  light  and  temperature,  as  there  can  be  no 
doubt  that  other  factors  such  as  nutrients,  grazing  and 
parasitism  are  important  in  determining  seasonal  cycles. 

McCombie  (1953)  considers  that  the  differences  in  the 
changes  of  temperature  in  spring  and  autumn  in  temperate 
lakes  may  account  for  the  fact  that  the  spring  maximum  of 
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phytoplankton  is  often  larger  than  the  autumnal  one.  The 
rate  of  growth  accelerates  with  the  increasing  temperature 
in  spring  and  then  the  growth  rate  slows  down  with  decreas¬ 
ing  temperatures.  Lund  (1965b)  disagrees  with  McCombie 
since,  although  temperature  is  decreasing  in  the  autumn,  it 
is  as  high,  or  even  higher,  than  in  spring.  McCombie  fails 
to  recognize  that  the  maximum  in  autumn  is  often  as  great 
as  in  spring  or  sometimes  greater.  It  should  be  remembered 
that  when  the  autumnal  maximum  is  less  than  in  spring  it  is 
because  this  maximum  starts  when  nutrient  depletion  is  more 
severe  than  in  spring  (Lund  1965b)  . 

Furthermore,  Lund  (1965b)  considers  that  "McCombie’s 
(1953)  views  on  temperature  tolerances  of  algae  are  also 
open  to  doubt.  The  summer  temperatures  may  not  be  lethal 
to  algae  predominating  in  spring  (e.g,  diatoms)  but  permit 
rapid  growth  of  a  greater  variety  of  algae.  Consequently, 
the  chief  determining  factors  are  nutrient  depletion,  graz¬ 
ing  and  parasitism,  and  the  ability  of  algae,  such  as  many 
chlorophyta  and  Cyanophyta,  to  grow  fast  enough  to  compete 
with  others  such  as  diatoms  (Lund  1964)  which,  in  their 
turn,  can  grow  faster  at  the  lower  temperatures  of  spring. 
The  different  interpretations  of  the  observed  facts  by  the 
authors  quoted  in  the  last  few  paragraphs  draw  attention  to 
the  common  impossibility  of  explaining  changes  in  algal 
abundance  on  the  basis  of  the  action  of  a  single  ecological 
factor,  emphasize  the  importance  of  the  rates  of  supply  and 
demand  and  make  clear  the  need  for  more  experimental  work 
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under  controlled  conditions". 

One  factor  may  have  an  overriding  effect  on  the  others, 
that  is  to  say,  the  low  light  intensity  and  short  duration 
of  light  in  winter  may  limit  the  growth  of  phytoplankton, 
despite  the  availability  of  the  necessary  nutrients.  In 
early  spring  the  outburst  of  phytoplankton  in  temperate 
fresh  and  salt  waters  nearly  always  can  be  related  to  the 
increasing  length  of  day  and  altitude  of  the  sun  (Ryther 
1963,  Lund  1964),  This  is  true  in  spite  of  the  fact  that 
the  water  may  be  still  cold  or  even  frozen  (e,g.  Lake  Baikal, 
where  the  vernal  maximum  may  be  reached  before  the  ice 
breaks  ---  Kuzhov  1963). 

Temperature  and  the  supply  of  food  are  considered  to  be 
the  two  major  factors  that  determine  the  growth  of  rotifers 
(Edmondson  1964,  1965),  It  is  reasonable  to  assume  that 
the  maxima  of  grazing  animals  are  likely  to  follow  those  of 
the  algae  in  spring,  even  though  they  may  reduce  algal 
numbers  during  the  later  part  of  the  period  (Lund  1965b) . 

In  field  experiments  Tailing  (1962)  found  that  photo¬ 
synthesis  in  plankton  algae  is  usually  insignificant  at 
levels  where  the  intensity  of  light  is  less  than  1 %  of  that 
at  the  surface.  However,  Rodhe,  (1962)  in  his  studies  of 
the  photosynthetic  properties  of  nannoplankton  in  certain 
high  mountain  lakes  of  great  transparency,  found  that  photo¬ 
synthesis  occurred  at  great  depths  where  light  intensity 
was  less  than  0,06%  of  that  at  the  surface.  Similarly, 

Wright  (1964)  in  his  studies  of  an  ice-covered  lake,  found 
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photosynthesis  occurring  where  the  light  intensity  was  less 
than  0„07%.  When  diatom  photosynthetic  behavior  and  growth 
were  compared,  it  was  found  that  a  close  parallelism  existed 
(Tailing  1955)  .  Close  observation  of  natural  phytoplankton 
populations  reveals  that  there  is  a  diurnal  variation  in 
photosynthetic  activity  (Lorenzen  1963) . 

The  length  of  day  does  not  seem  to  affect  the  morpho¬ 
logical  or  reproductive  characters  of  developing  phytoplank¬ 
ton.  Feoktistova  (1959)  working  with  diatoms,  blue-green 
algae,  and  green  algae,  concluded  that  systematic  groups 
may  differ  in  their  reaction  to  the  length  of  day.  It  was 
observed  that  green  and  blue- green  algae  gave  the  greatest 
absolute  and  relative  production  of  cells  and  matter  in  the 
longest  day  length.  The  diatom  Asterionella  formosa  produc¬ 
ed  the  most  cells  and  organic  matter  in  either  a  16  hour  or 
a  24  hour  day,  but  less  per  unit  amount  of  light  energy  than 
in  an  8  hour  day.  Lund  (1965b)  feels  it  is  impossible  to 
elucidate  such  problems  without  considering  the  effect  of 
light  saturation  and  so  considering  light  and  temperature 
together.  Other  data  for  Asterionella  formosa  show  that, 
although  in  summer  it  is  often  very  rare  or  at  its  seasonal 
minimum,  this  is  the  period  of  greatest  potential  growth  if 
sufficient  nutrients  are  present  (Lund  1949,  1950,  1964). 

As  an  algal  population  increases  the  water  becomes  more 
turbid.  The  greater  the  population  per  unit  volume,  the 
more  photosynthetic  production  is  limited  to  the  uppermost 
layers  of  the  water  (Lund  1965b) „  In  lakes  that  are  very 
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rich  in  nutrients  light  may  be  the  main  limiting  factor  in 
summer  because  of  a  self-shading  effect  resulting  from 
unchecked  growth,  even  if  there  is  some  superficial  damage 
from  strong  light,  particularity  ultraviolet  rays,  close  to 
the  surface  of  the  water  (S teeman-Nielsen  1955,  Stepanek  1959, 
1960) o 

2c  Hydrographic  Conditions. 

Hydrographic  conditions  also  play  a  part  in  succession, 
especially  in  eutrophic  lakes  with  silt  bottoms.  The  degree 
of  turbulence  is  often  an  expression  of  hydrographic  condi¬ 
tions  (Fogg  1965).  Turbulence  has  been  shown  by  Lund  (1954, 
1955)  to  affect  the  periodicity  of  Melo sira  italioa . 

3.  Weather. 

The  amount  of  rain  that  an  area  receives  can  be  a  very 
important  factor  in  the  ecology  of  phytoplankton,  since  in 
most  lakes  rainfall  increases  the  inflow  and  brings  in 
nutrients  released  from  the  rocks  and  soil.  In  summer, 
physical  conditions  prevalent  in  many  temperate  lakes,  often 
permit  the  growth  of  algae  to  such  an  extent  that  a  severe 
nutrient  depletion  develops  (Hutchinson  1961) .  In  oceanic 
climates  the  rainfall  may  be  so  great  that  a  significant 
part  of  the  phytoplankton  population  is  washed  out  of  the 
lake  (Brook  and  Woodward  1956).  During  the  spring  snow  melt 
in  alpine  lakes  a  decrease  in  photoplankton  numbers  may  be 
observed  (Ruttner  1929-30).  This  situation  is  unlike  that 
found  in  most  non-alpine,  temperate  lakes  where  a  marked 
increase  innumbers  would  be  expected  in  April  and  May. 
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Snow  restricts  the  passage  of  light  through  the  ice 
and  marked  changes  in  populations  may  be  seen  before  and  after 
ice  snow-cover  (Lund  1965b) .  Clear  ice  is  very  transparent 
and  algal  blooms  have  occurred  below  it  (Kozhov  1963) . 

Duthie  (1964)  observed  that  desmids  can  survive  freezing  with 
no  illumination  for  a  period  of  at  least  seventy  days. 

4o  Water  Movements  and  Flotation  of  Phytoplankton. 

Although  our  knowledge  of  the  horizontal  movements  of 
phytoplankton  is  limited,  it  is  clear  that  there  may  be 
considerable  differences  in  algal  distributions,  especially 
among  flagellates  whose  horizontal  distribution  will  be 
affected  by  vertical  migrations  (Nauwerck  1963) .  Differences 
in  algal  distribution  have  been  attributed  to  internal 
seiches  (Mortimer  1952,  Thomas  1949,  1950,  Lehn  1963),  but 
Tonolli  (1961)  observed  that  there  can  be  marked  differences 
in  distribution  of  non-motile  algae  which  cannot  be  attribut¬ 
ed  to  seiches. 

Lund  (1959  )  compared  the  rates  of  fall  of  fresh-water 
diatoms  Asterionella  formosa  and  Melosira  italioa  subsp0 
subavaotica  in  static  water  at  zero  degrees  centigrade. 
Differences  were  found  which  might  be  expected  from  the 
known  changes  in  vertical  distribution  of  the  diatoms  under 
inverse  and  direct  stratification  (Lund  1954,  1959  ,  Lund 
et  al.  1963).  Grim  (1950,  1951,  1952)  also  studied  the 
sinking  rates  of  diatoms  from  determinations  of  their 
distribution  in  depth  from  time  to  time  and  obtained 
variable  rates  depending  on  the  species  and  the  depth  zone. 
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Eppley,  Holmes  and  Strickland  (1967)  found  that  sinking 
rates  were  related  to  cell  diameter,  and  that  cells  from 
non-growing  cultures  sank  about  four  times  faster  than  those 
from  the  growing  cultures . 

5.  Concentration  of  Nutrients . 

Another  factor  in  phytoplankton  periodicity  and 
succession  is  the  variation  in  the  concentration  of 
nutrients  (Pearsall  1932,  Hutchinson  1944,  Rodhe  1948, 

Tucker  1957).  Pearsall  (1932)  studied  the  phytoplankton 
composition  in  relation  to  dissolved  substances  in  the  English 
lakes  and  drew  the  following  conclusions 0  First,  diatoms 
increase  when  the  water  is  richest  in  phosphate,  nitrate 
and  silica.  Second,  Dinobry on  divergens ,  in  hard  water 
lakes,  develops  maxima  when  the  silica  content  falls  below 
5  ppm  and,  in  all  lakes,  is  favored  by  a  rise  in  the  ratio 
of  nitrate  to  phosphate,,  Hutchinson  (1944)  found  that  this 
point  does  not  hold  for  Dinobry on  divergens  in  lakes  of 
other  regions,  Rodhe  (1948)  concluded  that  dinobry on 
divergens  is  favored  by  a  reduction  in  phosphate  concentra¬ 
tion,  Dinobry  on  divergens  is  generally  thought  of  as  being 
an  oligotrophic  species  (Rawson  1956,  Willen  1962). 

Pearsall’s  third  point  is  that  desmids  and  other  green 
algae  occur  mainly  during  the  summer  depletion  of  nutrients 
and  are  favored  by  a  low  calcium  content  and  a  low  nitrate 
to  phosphate  ratio.  This  conclusion  is  generally  valid  and 
is  still  accepted  today.  His  final  point  is  that  the 
abundance  of  blue-green  algae  is  correlated  with  high 
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concentrations  of  dissolved  organic  matter  in  the  water, 
these  algae  being  able  to  increase  at  very  low  concentrations 
of  inorganic  nutrients.  The  high  concentration  of  dissolved 
organic  matter  may  be  partly  produced  by  the  blue-green  algae 
themselves  since,  in  culture,  they  liberate  substantial 
quantities  of  extracellular  organic  substances  (Fogg  1952) . 
Hutchinson  (1944)  has  substantiated  Pearsall’s  statement 
regarding  the  ability  of  the  blue-green  algae  to  develop  in 
very  low  inorganic  nutrient  concentrations, 
i.  Nitrogen  and  Phosphorus 

Although  nitrogen  and  phosphorus  are  present  in  only 
small  amounts  in  lakes  and  seas  (Steemann-Nielsen  1960)  , 
there  is  impressive  evidence  for  the  view  that  nitrogen  and 
phosphorus  play  a  major  part  in  production  and  periodicity 
and  determine  the  type  of  community  present.  Orthophos¬ 
phates  are  the  main  source  of  phosphorus  in  most  lakes  and 
are  particularily  utilized  by  diatoms  (Lewin  and  Guillard 
1963) ,  while  other  algae  vary  in  their  ability  to  utilize 
organic  phosphorus  even  though  the  cells  contain  phosphatases 
(Johannes  1964) . 

Phytoplankton  can  flourish  in  waters  containing  very 
low  concentrations  of  phosphorus  since  they  can  store  this 
element  in  excess  of  immediate  needs.  Einsele  (1941)  found 
that  phosphorus  is  not  taken  up  by  the  phytoplankton  in 
proportion  to  their  demands  for  growth  and  reproduction,  but 
rather  that  the  unutilized  excess  of  phosphorus  is  stored. 
Physiological  experiments  by  Rodhe  (1948)  show  that  phyto- 
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plankton  are  able  to  store  up  to  ten  times  as  much  phosphorus 
as  the  cells  normally  contain.  The  fresh-water  diatom 
Asterionella  formosa  can  store  1„5  yg  P/106  cells  (Mackereth 
1953).  Nostoc  verrucosum,  a  blue-green  colonial  alga,  has 
been  observed  to  accumulate  phosphate  (Whitton  1967) . 

Anaoy  stis  nidulans  has  been  found  to  incorporate  phosphate 
more  rapidly  in  the  dark  than  under  illuminated  conditions 
(Batterton  and  Van  Baalen  1967) . 

It  is  well  known  that  phosphorus  is  excreted  by  zoo¬ 
plankton,  especially  as  phosphate.  Rigler  (1961)  found  that 
Daphnia  magna  can  excrete  0.025  yg  atom  P/  mg  dry  wt.  in 
24  hours.  Hammer  (1964)  found  that  on  the  death  of  blue- 
green  algal  blooms  there  is  a  considerable  increase  of 
phosphate  phosphorus . 

In  lakes  a  correlation  has  been  observed  between  the 
occurrence  of  the  chrysophycean  flagellate  Dinobryon  diverg- 
ens  and  the  vernal  decrease  in  the  phosphate  phosphorus 
concentration.  Pearsall  (1932)  noticed  that  Dinobry on 
divergens  became  prominent  in  the  English  lakes  when  the 
ratio  of  nitrate  nitrogen  to  phosphate  phosphorus  rose 
during  the  development  and  decline  of  the  vernal  crop  of 
diatoms.  Bamforth  (1958)  found  that  a  sudden  decrease  in 
the  numbers  of  Dinobryon  divergens  coincided  with  detectable 
changes  in  the  environment,  one  of  which  was  a  rise  in  the 
phosphate  phosphorus  concentration  from  2  to  6  yg/1.  In 
summer  when  the  phosphorus  concentrations  were  high, 

Dinobryon  sertularia  was  absent. 
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Nitrogen  exists  in  nature  as  nitrogen  gas,  nitrate, 
nitrite  and  ammonia.  Because  there  is  a  low  concentration 
of  nitrates  it  is  not  correct  to  assume  that  there  is  a 
lack  of  nitrogen.  The  phytoplankton  may  be  utilizing 
ammonium  ions  or  fixing  gaseous  nitrogen  (Lund  1965b) . 
Anabaena  spiroides  (Cameron  and  Fuller  1960),  A.  oylindrioa 
Fay  and  Cox  1967)  and  Nostoo  musoorum  (Allison  et  al .  1937) 
fix  nitrogen  in  culture.  It  has  been  observed  that  nitrogen 
uptake  is  less  in  the  light  then  in  the  dark  which  indicates 
some  photo- inhibition  by  oxygen  production.  Moreover, 
anaerobic  conditions  appear  to  increase  nitrogen  fixation 
(Fay  and  Cox  1967) . 
ii.  Silica 

A  major  part  of  the  phytoplankton  population  of  many 
lakes  is  composed  of  diatoms.  Almost  invariably,  the 
development  of  large  diatom  populations  is  accompanied  by 
a  marked  fall  in  the  amount  of  silica  in  solution.  Einsele 
and  Vetter  (1938)  and  Meloche  et  al .  (1938)  found  that  there 

was  a  marked  decrease  in  dissolved  Si02  after  diatom  blooms 
in  the  epilimnion  of  eutrophic  lakes  due  to  utilization  of 
Si02  in  diatom  walls.  Pearsall  (1932),  Hutchinson  (1944), 
Rodhe  (1948)  ,  Lund  (1950)  and  Jorgensen  (1957)  have  also 
observed  a  negative  correlation  between  silica  concentrat¬ 
ion  and  diatom  periodicity. 

Silica  is  important  in  the  ecology  of  diatoms  because 
their  cell  walls  contain  a  considerable  amount  of  this 
element  per  cell  on  a  dry-weight  basis  (Einsele  and  Grim 
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1938,  Lund  1950,  Gardiner  1941,  Mackenzie  1940,  Prowse  and 
Tailing  1958  and  Swale  1963) .  Silica  is  considered  a  major 
factor  limiting  diatom  reproduction  (Lewin,  Reimann,  Busby 
and  Volcani  1966).  The  efficiency  with  which  diatoms  utilize 
silica  probably  varies  from  species  to  species.  The  maximum 
amount  of  silica  in  solution  in  most  lakes  is  usually  less 
than  10  and  often  below  5  mg/1,  although  in  some  waters  very 
large  amounts  are  present  (Livingstone  1963) .  In  summer, 
when  the  silica  concentration  in  the  upper  layers  of  Lake 
Windermere  is  nearly  always  less  than  0.5  mg/1,  an  increase 
in  the  supply  from  the  inflow  is  usually  followed  by  a  mark¬ 
ed  increase  in  the  numbers  of  Tabellaria  flocoulosa  var. 
astevionelloides  or  Fragilaria  orotonensis  but  not  necess¬ 
arily  of  Asterionella  formosa  (Lund  1964).  The  growth  of 
Melosira  italioa  subsp.  subarotioa  may  be  limited  at  higher 
concentrations  than  any  of  the  other  three  diatoms  (Lund 
1954,  1955). 

The  rate  at  which  the  silica  of  diatoms  is  redissolved 
and  where  this  takes  place  may  be  important  factors  deter¬ 
mining  the  periodicity  of  diatoms  (Lund  1965b) .  Silicic 
acid  is  removed  from  the  silicates  in  the  presence  of  carbon 
dioxide  or  bicarbonates  and  is  held  in  the  water  in  a 
dissolved  or  colloidal  form  (Ruttner  1963  p„93).  Hutchinson 
(1957)  indicates  that  silica  also  comes  into  solution  under 
anaerobic  conditions.  Jorgensen  (1955)  and  Golterman  (1960) 
found,  in  experiments  involving  fresh-water  of  varied  pH, 
that,  depending  on  the  species  and  the  population,  20  to  97 
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per  cent  of  the  silica  was  redissolved  in  several  weeks. 

Diurnal  variations  in  the  amount  of  silica  present  in 
a  saline  creek  have  been  observed  by  Muller-Haeckel  (1965) 
and  are  considered  to  be  a  measure  of  silica  uptake  by 
diatoms  after  cell  division. 

iii.  Calcium  and  Magnesium 

The  form  in  which  calcium  exists  in  a  lake  depends  on 
the  type  of  water.  In  eutrophic  lakes  soluble  calcium 
bicarbonate  is  often  changed  to  insoluble  calcium  carbonate 
in  the  epilimnion.  The  insoluble  calcium  carbonate  settles 
out  of  solution  and  goes  to  the  bottom.  In  eutrophic  lakes 
the  bacterial  activity  converts  the  insoluble  carbonate  to 
the  soluble  bicarbonate  form,  and  thus  maintains  a  higher 
calcium  content  (Kolbe  1932)  while  insoluble  calcium  carbon¬ 
ate  settles  in  oligotrophic  lakes  (Patrick  and  Reimer  1966) . 

Pearsall  (1922)  found  that  the  diatom  plankton  pre¬ 
dominates  when  the  ■*  ■  is  less  r  than  1.5,  so  it  is 

easily  seen  that  many  diatoms  prefer  calcium-rich  water. 
Pearsall  (1924)  goes  on  to  say  that  in  calcium-poor  water 
fat-producing  species  dominate.  Pearsall  (1932)  found  that 
a  decrease  in  the  calcium  concentration  favored  an  increase 
in  numbers  of  Dinobryon  divergens  ,  while  Tucker  (1957)  found 
the  converse,  i.e.  rising  levels  of  calcium  favored  Dinobryon 
divergens . 

Calcium  is  also  a  very  important  element  in  diatom 
nutrition.  It  is  not  only  part  of  the  buffering  system 
which  controls  pH,  but  also  acts  as  an  antagonizer  by 
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counteracting  the  toxic  effect  of  excesses  of  various  ions. 
Also  it  is  thought  that  calcium  may  control  the  amount  of 
sulphuric  acid  in  the  water  (Patrick  and  Reimer  1966) . 
Calcium  and  magnesium  are  utilized  by  diatoms  in  various 
ratios;  for  example,  in  Fragilaria  aaipuoina  the  ratio  was 
found  to  be  between  3:1  and  2:1  (Provasoli  et  al.  1954). 

Chu  (1942),  in  culture  experiments,  found  that,  unlike  the 
diatoms,  Pediastrum  boryanum,  of  the  Chlorophyceae ,  favors 
low  calcium  concentrations. 

It  has  been  observed  by  Walker  (1956)  that  calcium 
utilization  in  certain  green  algae  can  be  inhibited  by 
the  presence  of  strontium.  Foerster  (1964)  found  that 
calcium  and  magnesium  hardness  ions  stimulated  sheath 
formation  in  Oscillatoria  limosa . 

iv.  Potassium. 

Although  a  considerable  amount  of  work  has  been  done 
on  the  range  of  potassium  concentration  found  in  fresh¬ 
water  (Ohle  1939-40,  Rodhe  1948,  Holden  1959,  Staub  1961, 
Livingstone  1963) ,  this  element  is  rarely  considered  to 
have  an  important  influence  on  the  ecology  of  algae  (Lund 
1965b).  However,  it  is  interesting  to  note  that  Chlorella 
vulgaris  has  been  observed  to  incur  a  loss  of  cell  potassium 
after  contact  with  toxic  amounts  of  copper  sulphate  (McBrien 
and  Hassall  1965) . 

v.  Sulphate  and  Chloride. 

Some  algae  have  the  ability  to  accumulate  sulphur  much 
in  excess  of  their  actual  requirements  (Schiff  1962) . 
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Tailing  (1965)  thinks  that  sulphur  is  not  a  main  limiting 
nutrient.  However,  Goldman  and  Wetzel  (1963)  found  that, 
although  nutrients  were  rarely  important  in  limiting  photo¬ 
synthesis,  when  large  blooms  developed  carbon  fixation  was 
stimulated  by  the  addition  of  sulphate  even  when  the  surface 
water  had  nearly  8  mg/1  S04  in  solution. 

"Chlorides  do  not  appear  to  limit  algal  production 
directly  in  nature  but,  in  the  form  of  sodium  chloride,  play 
a  major  part  in  the  determination  of  the  kinds  of  algae 
which  can  grow  in  the  water"  (Lund  1965b) . 

vi .  Iron  and  Manganese. 

Iron  is  an  important  element  in  the  diatom  metabolism. 

It  is  required  for  rapid  growth  and  a  lack  of  iron  will 
check  diatom  growth  (Harvey  1933,  1937  and  Gran  1931). 
Goldberg  (1952)  found  a  high  content  of  iron  in  marine 
diatoms  which  Lewin  (1961)  feels  may  be  passively  adsorbed 
on  the  surface  of  cells. 

Manganese  is  necessary  for  nitrate  reduction  and  can 
be  utilized  in  the  form  of  hydrate  oxides.  In  Achnanthes 
longipes  new  silica  wall  formation  is  dependent  on  the 
presence  of  manganese  (Von  Stosch  1942) .  Both  iron  and 
manganese  are  important  in  the  growth  and  development  of 
blooms  of  the  blue-green  alga  Microcystis  aeruginosa 
(Gerloff  and  Skoog  1957). 

vii.  Trace  Metals. 

The  influence  of  molybdenum,  vanadium,  cobalt,  zinc, 
copper,  boron  and  sodium  on  algae  under  laboratory  conditions 
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has  been  studied  and  is  reported  by  Wiessner  (1962)  and 
Walker  (1953,  1954) .  Chromium  is  a  growth  inhibitor  to 

green  algae  and  diatoms,  although  in  sublethal  concentra¬ 
tions  it  may  stimulate  growth  (Hervey  1949) . 

viii.  Hydrogen-ion  Concentration, 

According  to  Lund  (1965b)  the  early  belief  in  the 
great  importance  of  pH  as  an  ecological  factor  has  waned 
and,  like  alkalinity,  is  considered  an  indicator  of  the 
chemical  environment  rather  than  a  determinant  of  plankton 
production . 

ix.  Organic  Matter. 

The  assimilable  fraction  of  dissolved  organic  matter 
in  a  lake  depends  on  the  level  of  productivity  of  the  lake. 

In  oligotrophic  lakes  it  may  be  only  2-3  per  cent,  while 
in  eutrophic  lakes  it  lies  between  10-15  per  cent  of  the 
total  dissolved  organic  matter  (Kuznetsov  1959).  It  has 
been  commonly  thought  that  extremely  high  concentrations  of 
organic  matter  can  be  correlated  with  the  abundance  of  blue- 
green  algae  (Pearsall  1932,  Hutchinson  1944,  Tucker  1957, 
and  Vance  1965)  .  However,  Duthie  (1965)  reports  that  in 
the  lakes  which  he  studied  in  North  Wales,  the  Chlorophyceae , 
flagellates  and  the  diatoms  are  favored  by  water  high  in 
organic  matter. 

6.  Perennation. 

With  regard  to  perennation,  Lund  (1965a)  has  divided 
fresh-water  phytoplankton  into  three  groups. 
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Group  No.  Characteristics 

Group  I.  no  known  resting- 

stage. 


Group  II.  those  that  can 

produce  resting 
spores  but  do  not 
do  so  every  year, 
or  only  occasion¬ 
ally  . 

Group  III.  produce  spores 

almost  every  year 
and  for  which  the 
spores  seem  to  be 
essential  for 
existence „ 


Examples 

the  diatoms  Asterionella  3 
Fragilaria3  Tabellaria  and 
Cy  clotella  and  the  genera  of 
blue-green  algae  Microcystis 3 
Gomphosphaeria  and  Os cillatoria . 
blue-green  alga  Aphanizomenon3 
certain  desmids  and  colonial 
green  algae. 


some  Chrysophyceae  such  as 
Dinobryon  and  Uroglenaf  the 
dinof lagellate  Ceratium ,  and 
the  cyanophyte  Anabaena. 


Melosira  italica  is  capable  of  passing  into  a  "physiol¬ 
ogical"  resting  stage  in  the  dark  on  and  within  the  bottom 
deposits  of  lakes  (Nipkow  1950,  Lund  1954,  Guseva  and 
Il’inskii  1959)  and  the  periodicity  of  certain  other  species 
of  Melosira  suggests  that  they  probably  do  the  same  (Lundh- 
Almestrand  1954,  Fish  1957,  Tailing  1957c,  Pdltoracka  1960, 
Beuschold  1961,  Lund  1962  ).  Lund  (1964)  finds  that  many 
planktonic  desmids  seem  to  represent  "clones"  which  never 
reproduced  sexually,  even  though  belonging  to  species 
alleged  to  do  so. 

It  has  been  observed  that  forms  predominating  at  the 
beginning  of  the  spring  period  of  increase,  after  the  winter 
minimum,  are  usually  those  without  known  resting  stages 
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and  this  is  apparently  true  of  temperate  lakes  in  general 
(Guseva  1947,  Lund  1965b).  Guseva  maintains  that  the  forms 
which  overwinter  as  spores  appear  later  in  the  year  (e.g. 
Dinobvy on)  because  of  the  time  needed  to  reach  the  stage  at 
which  germination  is  possible.  At  present,  our  knowledge  of 
the  physiology  of  resting  spores  is  very  inadequate,  but 
studies  have  been  made  on  spores  of  Ceratium  hirundinella 
and  Peridinium  Qinctum  (Huber  and  Nipkow  1923). 

7.  Predation  and  Parasitism. 

Many  filter  feeding  rotifers  and  crustaceans  ingest 
phytoplankton,  especially  the  flagellates  (Rodhe  1955,  Lund 
1961  ) .  The  grazing  of  zooplankton  on  phytoplankton  is 
dependent  on  cell  size  and  usually  is  confined  to  those 
phytoplankton  that  are  relatively  small  in  size  (Parsons, 
LeBrasseur  and  Fulton  1967) .  The  extent  to  which  secondary 
production  reduces  populations  of  algae  has  been  debated 
actively.  It  has  been  long  noticed  that  decreases  in  phyto¬ 
plankton  are  often  synchronous  with,  or  succeeded  by, 
increases  in  zooplankton  (Lund  1965b) .  A  certain  degree  of 
selection  exists  with  grazing  since  Astevionella  formosa  is 
not  ingested  by  Crustacea  and  rotifers  to  an  extent  suffic¬ 
ient  to  reduce  the  numbers  of  this  diatom  (Lund  1950),  while 
Fragi  laria  avotonens  i,  s  is  readily  ingested  (Nauwerck  1963)  . 
It  "seems  likely  that  selective  grazing  is  common,  but  it 
remains  to  be  seen  how  important  it  is  in  determining 
succession”  (Fogg  1965) . 

In  his  review,  Sparrow  (1960)  deals  with  the  parasitic 
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fungi  of  phytoplankton  which  are  mostly  unspecialized  in 
that  infection  is  followed  by  the  death  of  the  host,  yet 
specialized  in  that  they  infect  one  or  a  few  related  species 
of  algae.  An  attack  of  a  fungus  can  reduce  a  population 
significantly  as  has  been  shown  by  Canter  and  Lund  (1951) 
where  the  fungus  Rizophidium  pZanktonioum  reduced  the 
numbers  of  AsterioneZZa  formosa  in  Lake  Windermere. 

8.  Growth  Promoting  and  Growth  Inhibiting  Substances. 

Growth  promoting  and  growth  inhibiting  substances  are 
considered  as  a  factor  in  succession.  Thiamine  has  been 
extracted  from  Coccomyxa  (Lewin  1958)  and  plant  hormones 
of  the  auxin  type  have  been  extracted  from  various  phyto¬ 
plankton  algae  such  as  ChZoreZZa  and  Anabaena  oyZindvioa 
(Bentley  1958,  1960). 

Culture  experiments  have  shown  that  certain  algal 
species  inhibit  the  growth  of  others  in  mixed  culture. 
Proctor  (1957  )  found  that  Chlamydomonas  veinhardtii 
liberates  a  fatty  acid  on  its  death  which  inhibits  Haemato- 
o  o  o  ous  pZuviaZis .  Other  workers  have  found  other  inhibitory 
products  produced  by  algae  which  have  various  effects  on 
certain  species.  However,  Tailing  (1957b)  found  no  evidence 
for  the  production  of  any  extracellular  substances  by 
AsterioneZZa  formosa  or  FragiZaria  crotonensis  in  mixed 
culture  and  in  media  containing  culture  filtrates. 
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II.  The  Effect  of  Heated  Effluents  on  Aquatic  Biota. 

Thermal  pollution  and  its  effect  on  the  aquatic 
environment  has  been  a  topic  of  much  concern  in  recent  years 
(Clark  1969)  .  Power  plants  throughout  North  America  are 
utilizing  lake  and  river  water  to  cool  steam  condensers 
and  then  returning  the  heated  water  to  the  original  source. 

It  is  estimated  that  a  single  power  plant  now  in  existence 
requires  up  to  a  half  million  gallons  a  minute  for  cooling 
purposes.  If  a  plant  operates  at  full  capacity  for  twenty- 
four  hours,  720  million  gallons  of  water  would  be  utilized 
in  one  day  (Cairns  1968) . 

Temperature  is  a  limiting  factor  for  all  organisms.  In 
the  aquatic  environment  the  dissolved  oxygen  tension  decreas¬ 
es  as  the  temperature  increases.  As  the  amount  of  dissolved 
oxygen  present  drops  below  the  minimum  level  at  which  an 
organism  can  survive,  it  dies.  Thus,  the  number  of  species 
present  decreases  as  the  amount  of  dissolved  oxygen  decreas¬ 
es.  Cairns  (1968)  graphically  illustrates  the  relationship 
of  the  number  of  species  of  algae  present  to  temperature, 
assuming  that  the  light  intensity  is  constant.  With 
increased  temperature,  diatoms  are  succeeded  by  green  algae 
which  are,  in  turn,  succeeded  by  blue-green  algae. 

Although  the  literature  on  thermal  pollution  is  fairly 
extensive  (see  Kennedy  and  Mihursky  1967  for  a  bibliography 
on  the  effects  of  temperature  on  the  aquatic  biota) ,  there 
has  been  little  research  on  the  effect  of  temperature  on 
algae.  Brock  (1967)  has  studied  the  benthic  algae  of  hot 
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springs,  but  no  literature  could  be  found  concerning  phyto¬ 
plankton  population  dynamics  and  thermal  pollution. 


. 


METHODS 


A.  Field 

1.  General 

The  investigation  of  the  phytoplankton  of  Wabamun  Lake 
commenced  May  15,  1968  and  extended  to  the  end  of  May,  1969, 
From  May  to  the  end  of  August,  field  trips  were  made  each 
week,  while  sampling  continued  on  a  biweekly  basis  in 
autumn,  winter,  and  spring  unless  weather  conditions  were 
unfavourable.  Phytoplankton  counts  were  made  on  over  376 
samples  during  the  study. 

Two  permanent  sampling  stations  for  the  quantitative 
analysis  of  the  phytoplankton  population  were  established 
on  Wabamun  Lake,  one  in  the  heated  zone  (station  #1)  and 
the  other  in  the  deepest  portion  of  the  lake  (station  #2); 
both  stations  were  in  the  limnetic  region  of  the  lake. 

Both  stations  were  sampled  on  the  same  day  and  each  station 
was  sampled  at  the  same  time  of  day  on  each  field  trip 
throughout  the  spring,  summer,  and  autumn. 

2.  Physical  Features 

A  complete  record  of  water  level  fluctuations  was 
maintained  for  each  sampling  day  during  the  ice-free  portion 
of  the  investigation,  May  to  November.  The  water  level  was 
measured  by  means  of  a  stake  attached  to  the  wharf  at 
Wabamun . 

Weather  conditions  were  noted  on  each  day  of  sampling. 
Snow  and  ice  measurements  were  recorded  at  station  # 2  on 
each  sampling  day  during  the  winter. 
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Water  temperature  profiles  were  obtained  by  means  of  a 
thermistor  (Model  ET100  Interchangeab le -Range  Linear  Thermo¬ 
meter)  .  Vertical  profiles  were  made  at  both  stations  on 
each  sampling  day. 

The  Department  of  Water  Resources,  Government  of 
Alberta,  has  prepared  a  hydrographic  map  of  Wabamun  Lake 
showing  five-foot  intervals  and  it  is  presented  in  this 
thesis.  This  may  be  seen  in  Figure  2,  p.  45. 

Turbidity  readings  were  recorded  for  the  surface  water 
of  both  stations.  The  Hach  kit  turbidometer  was  employed 
and  the  degree  of  turbidity  was  expressed  in  Jackson 
Turbidity  Units  (JTU) . 

The  transmission  of  light  through  the  water  was  measured 
at  both  stations,  in  summer  and  winter,  by  means  of  a  trans- 
missometer . 

Sub-marine  photometer  readings  were  taken  in  summer 
and  winter  under  ice-free  and  ice-covered  conditions.  These 
readings  were  made  at  both  stations  (see  Plate  I,  p.  28). 

Conductivity  determinations  were  obtained  by  means  of 
a  Beckman  RB3  Solu  Bridge  portable  conductivity  meter. 

3.  Chemical  Features 

The  chemical  analysis  of  water  was  conducted  in  the 
field  using  the  Hach  Chemical  Direct  Reading  Model  DR-EL 
portable  water  chemistry  kit.  During  the  winter,  water 
analysis  was  done  in  the  laboratory  within  three  hours  after 
sampling.  Tests  were  made  on  the  surface  water  at  both 

Water  samples  were  transported  from  the  field  to 


stations . 


PLATE  I 


Some  of  the  field  equipment  used  during  the 
phytoplankton  study,  This  photograph  of  station  #2 
on  April  9,  1969,  shows  a  Kemmerer  water  sampler  (left) 
and  a  sub-marine  photometer  (centre) ,  The  thickness 
of  the  ice  was  68.5  centimeters.  Photograph  taken  by 
K.  Horkan. 
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the  laboratory  in  polyethylene  bottles. 

The  Hach  kit  was  employed  in  the  following  tests: 
alkalinity  (phenolphthalein  and  total),  chloride,  chlorine, 
copper,  fluorine,  hardness  (calcium  and  total),  hydrogen 
sulfide,  iron,  manganese,  nitrogen  (nitrite  and  nitrate), 
dissolved  oxygen,  phosphate  (ortho)  and  pH.  The  Provincial 
Analyst,  Department  of  Agriculture,  Province  of  Alberta, 
analysed  the  water  for:  total  solids,  ignition  loss, 
hardness,  sulphates,  chlorides,  alkalinity,  nitrogen 
(nitrite  and  nitrate),  iron,  fluoride,  silica,  phosphate 
(ortho) . 

The  bottom  muds  of  both  stations  were  chemically 
analysed  each  month  by  the  Agricultural  Soil  and  Feed 
Testing  Laboratory,  University  of  Alberta.  The  mud  samples 
were  obtained  by  using  an  Ekman  dredge  and  then  dried  in  the 
laboratory . 

Although  the  Hack  chemical  kit  does  not  employ  the 
exact  tests  outlined  in  Standard  Methods  (1965) ,  the  kit  does 
utilize  modifications  of  these  tests  using  a  colorimeter 
photo  cell.  The  ease  and  convenience  of  such  a  water  analysis 
kit  well  justifies  its  use  and  out-weighs  its  limitations. 

Vertical  dissolved  oxygen  profiles  were  made  at  both 
stations  on  each  sampling  day. 

4.  Aquatic  Vascular  Plants 

The  distribution  of  the  aquatic  vascular  plants  in  the 
heated  portion  of  the  lake  was  mapped  (see  Figure  9,  p.  64). 
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5.  Phytoplankton 

i.  Qualitative 

Although  the  quantitative  enumeration  of  the  phyto¬ 
plankton  was  done  from  preserved  samples,  the  identification 
of  species  was  made  from  living  organisms.  Qualitative 
phytoplankton  samples  were  obtained  by  towing  a  plankton  net 
of  #20  bolting  silk  gauze  through  the  water.  Algal  mats 
were  collected  and  identified  in  the  living  condition.  The 
algae  of  the  bottom  muds  of  both  stations  were  also  studied. 
Submersed  and  emergent  aquatic  vascular  plants  were 
collected  and  their  attached  algae  were  identified.  Period¬ 
ically,  glass  slides  were  placed  in  the  water  in  order  to 
study  the  periphytic  biota. 

Once  a  month  during  each  of  the  summer  months  plankton 
tow-net  samples  were  collected  at  intervals  along  a  transect 
from  the  west  to  the  east  end  of  Wabamun  Lake.  It  was  found 
that  the  species  composition  throughout  the  lake  was  homogeneous. 

ii.  Quantitative 

Quantitative  samples  were  obtained  by  means  of  a  two- 
liter  Kemmerer  water  sampler  and  stored  in  polyethylene 
bottles.  These  bottles  were  placed  in  an  ice  chest  for 
transport  to  the  laboratory.  Samples  were  centrifuged 
immediately  on  arrival  at  the  laboratory.  In  winter, 
quantitative  samples  were  obtained  at  station  #2  through  a 
hole  in  the  ice.  At  station  #1,  the  heated  zone,  quantita¬ 
tive  samples  were  taken  at  surface,  1,  2,  and  2.5  meters. 
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Samples  at  station  #2  were  taken  at  surface,  1,  2,  3,  4, 

6,  8,  and  9.75  meters. 

The  horizontal  distribution  of  the  phytoplankton  was 
studied  quantitatively  in  mid-summer.  Sixteen  sites  were 
selected  for  sampling  at  various  locations  on  Wabamun 
Lake  on  three  sampling  dates,  although  all  of  the  locations 
were  not  sampled  on  each  sampling  date.  The  map  on  p .  47 
shows  the  location  of  each  of  these  sites.  All  samples  were 
taken  at  a  depth  of  one  meter.  The  reason  for  such  a  study 
was  to  see  if  station  #2  was  truly  representative  of  the 
lake  as  a  whole  and  to  determine  if,  in  fact,  there  were 
considerable  differences  in  the  horizontal  distribution 
of  the  phytoplankton. 

B.  Laboratory 

1.  Qualitative 

Qualitative  samples  were  examined  in  the  living 
condition  under  the  appropriate  magnification,  ranging  from 
10  x  10  to  10  x  100  power.  Epiphytic  algae  were  removed 
from  stems  of  aquatic  vascular  plants  with  a  scapel. 

2.  Quantitative 

i.  Concentration 

Upon  arrival  in  the  laboratory  in  Edmonton,  the 
phytoplankton  were  extracted  from  the  water  samples.  The 
water  sample  within  the  polyethylene  bottle  was  strongly 
agitated  and  then  one  liter  of  sample  was  measured  in  a 
graduated  cylinder.  The  one  liter  sample  was  then  immediate¬ 
ly  concentrated  using  a  Foerst  continuous  -  flow  centrifuge 
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(approximately  20,000  rpm)  at  the  rate  of  one  liter  each 
six  minutes  in  accordance  with  the  instructions  of  Foerst 
Mechanical  Specialties  Company,  Chicago.  The  phytoplankton 
that  adhered  to  the  inside  of  the  barrel  of  the  centrifuge 
were  scraped  from  the  surface  by  means  of  a  glass  rod 
tipped  with  a  rubber  policeman.  The  concentrate  was  made  up 
to  six  milliliters  by  adding  distilled  water.  Fourteen 
milliliters  of  absolute  alcohol  were  then  added  giving  a 
concentrate  of  twenty  milliliters,  preserved  in  seventy  per 
cent  alcohol.  The  concentrate  was  then  placed  in  a  vial, 
capped,  and  well  sealed  by  means  of  masking  tape  to  guarantee 
no  evaporation  of  alcohol, 
ii.  Enumeration 

The  phytoplankton  were  enumerated  by  using  a  standard 
Sedgwick- Rafter  plankton  counting  cell  and  a  Whipple  ocular 
micrometer  to  delimit  the  microscopic  fields  within  the 
counting  cell.  Enumeration  was  made  at  a  magnification  of 
100  x  (i.e  10  x  10).  Although  the  qualitative  identification 
was  made  from  fresh  material,  the  enumeration  of  the  phyto¬ 
plankton  species  present  was  made  from  preserved  concentrates. 

The  vial  containing  the  plankton  concentrate  was 
shaken  vigorously  and  well  agitated.  Then  one  milliliter  of 
the  concentrate  was  withdrawn  with  a  pipette  and  introduced 
into  a  Sedgwick- Rafter  counting  cell.  During  this  operation 
the  cover  slip,  which  had  been  lying  diagonally  across  the 
cell,  was  moved  into  place.  After  allowing  the  plankton 
within  the  counting  cell  to  settle  enumeration  commenced. 
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When  enumeration  was  completed,  the  Sedgwick- Rafter  cells 
were  scoured  with  a  stiff -bristled  brush  in  hot  water. 

For  each  sample  two  aliquots  were  examined  and  the 
phytoplankton  were  enumerated.  Twenty  random  Whipple  ocular 
micrometer  fields  were  counted  for  each  aliquot  making  a 
total  of  forty  random  fields  for  the  two  aliquots  (i.e.  the 
two  Sedgwick- Rafter  counting  cell  mounts) „ 

The  number  of  cells  present  in  the  concentrate  (i.e. 
the  forty  Whipple  ocular  micrometer  fields)  was  converted, 
by  means  of  a  factor,  to  number  of  cells  or  colonies  per 
milliliter  of  original  sample  of  water. 

factor  —  — x  — j 
where , 

a  =  number  of  fields  in  1  ml  counting  cell 

1  mm  deep; 

b  =  number  of  fields  counted; 
c  =  ml  of  concentrate  after  centrifugation; 
d  =  ml  of  original  water  sample. 

The  number  of  colonies  per  milliliter  of  sample  was 
converted  to  the  number  of  cells  per  milliliter  by  means 
of  a  conversion  factor.  This  factor  was  obtained  by  finding 
the  mean  number  of  cells  in  forty  randomly  selected  colonies. 
The  conversion  factor  for  various  colonial  algae  may  be 
found  in  Table  1.  p.34. 

iii.  Statistical  Verification  of  Method  of 
Enumeration 


In  considering  the  use  of  the  Sedgwick-Rafter  counting 
cell  in  the  enumeration  of  phytoplankton,  one  must  remember 
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TABLE  1 

CELL  NUMBER  PER  UNIT  (COLONY  OR  COENOBIUM)  AND  MULTIPLICATION 
FACTOR  USED  IN  CALCULATING  CELL  NUMBERS 


Alga 

Cell  Number/Unit 
or  Multiplication  Factor 

Aphanocapsa  spp . 

140 

Aphanotheoe  nidulans 

500 

Coelastrum  mieroporum 

40 

Coelosphaerium  naegelianum 

128 

Gomphosphaeria  aponina 

14 

Gomphosphaeria  laaustris  var. 

eompacta 

100 

Microoy s tis  aeruginosa 

1000 

Pediastrum  boryanum 

36 

Pediastrum  duplex 

36 
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that  the  theoretical  treatment  of  errors  of  phytoplankton 
counts  is  complicated  greatly  by  the  fact  that  colonial 
forms  commonly  predominate  in  phytoplankton  populations. 

The  frequency  distribution  for  total  cells  is  the  product 
of:  (1)  the  distribution  of  occurrences  and  (2)  the 
distribution  of  cells  per  occurrence.  In  this  discussion 
"total  cells"  refers  to  the  total  number  of  cells  regardless 
of  whether  or  not  they  occur  united  in  colonies  while  the 
term  "occurrences"  designates  the  number  of  colonies  and 
individual  non-colonial  cells. 

The  frequency  distribution  of  occurrences  can  be 
expected  to  be  very  similar  to  the  Poisson  distribution  if 
the  sole  source  of  variation  is  that  due  to  random  distrib¬ 
ution.  Thus,  the  mean  should  be  equal  to  the  variance  if 
the  Poisson  distribution  is  present.  The  similarity  of  the 
distribution  frequency  of  occurrences  to  the  Poisson  dis¬ 
tribution  is  readily  seen  if  one  should  consider  the 
Sedgewick-Rafter  counting  cell  to  be  divided  into  many  small 
areas,  each  delimited  by  a  Whipple  ocular  micrometer.  The 
probability  of  any  one  particular  organism  being  in  one 
certain  field  would  be  very  small  and  the  main  condition  for 
the  Poisson  distribution  is  fulfilled. 

Since  the  occurrences  follow  the  Poisson  distribution 
only  if  the  sole  source  of  variation  is  that  due  to  random 
distribution,  any  additional  source  of  error  will  bring 
about  an  increase  in  the  total  variance  and  a  corresponding 
deviation  from  the  Poisson  distribution.  Gilbert  (1942), 
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dealing  with  the  errors  of  the  Sedgwick~Raf ter  counting  cell 
in  the  enumeration  of  phytoplankton,  believes  that  there  are 
two  possible  sources  of  additional  error:  (1)  the  clumping 
of  colonies  and  (2)  errors  in  filling  the  counting  cell.  The 
effects  of  these  two  sources  of  variation  must  be  separated 
from  one  another  and  their  relative  effects  upon  the  total 
variation  determined,  Gilbert  (1942)  found  that  the  clumping 
error  is  somewhat  dependent  upon  the  degree  to  which  the 
sample  is  mixed  before  it  is  transferred  into  the  counting 
cell.  By  using  analysis  of  variance,  he  shows  that  a 
variation  in  the  amount  of  mixing  did  not  have  an  effect  on 
the  total  variance  which  suggests  that  clumping  did  not 
contribute  to  the  error. 

By  means  of  the  equation  given  below  the  extent  of 
filling  error  can  be  determined.  It  can  be  seen  that  the 
relative  effect  of  the  variance  associated  with  the  filling 
of  the  counting  cell  upon  the  total  error  varies  with  the 
number  of  fields  and  counting  cells  counted. 


—  o 

OX  = 

Or  *  Of 

mk  k 

where , 

ox2  - 

variance  of  the  mean, 

o2 

variance  associated  with 

random 

2? 

dis  tribut 

ion 

Q 

N> 

II 

variance  associated  with 

filling  the 

counting 

cell , 

m 

number  of  fields  counted 

per  counting 

cell , 

k  =  number  of  counting  cells  counted. 


er'i  ct  i  El  J  c  O  ■  Tt  2 x  oiqi  6  2 


.■ 

- 

i  i' .-tab-  e<  n  to  rt  5? nil 


. 


- 

jjjrf  M 


37. 


Gilbert  (1942)  shows  that  after  an  error  due  to  variations 
in  the  volume  of  sample  placed  in  the  counting  cell  has  been 
eliminated,  the  variance  of  the  counts  is  wholly  accounted 
for  by  random  distribution.  He  goes  on  to  show  that  the 
distribution  of  occurrences,  i.e.  colonies  and  non-colonial 
cells,  closely  approximates  the  Poisson  distribution.  The 
frequency  distribution  of  counts  of  total  cells  of  phyto¬ 
plankton  is  shown  to  be  unpredictable. 

The  problem  of  how  many  Whipple  ocular  micrometer  fields 
should  be  counted  when  enumerating  phytoplankton  has  perplex¬ 
ed  biologists  for  a  long  time.  There  is  a  logistical 
conflict  involved  where  one  wishes  to  gain  precision  in  over¬ 
all  numerical  estimates  by  counting  more  fields  without  the 
expenditure  of  additional  time  and  labor.  Gilbert  (1942) 
suggests  that  to  estimate  the  error  of  total  cells  and  the 
size  of  sample  that  should  be  counted,  the  maximum  empirical 
ratio  between  the  error  of  occurrences  and  the  error  of  total 
cells  may  be  used.  Kutkuhn  (1958)  considers  that  four 
(Sedgwick-Raf ter )  cell  mounts  and  ten  micrometer  fields  per 
mount  is  sufficient,  basing  this  conclusion  on  statistical 
analysis  of  his  data.  However,  Kutkuhn  (1958  p.  82)  found 
that  two  cell  mounts  and  counting  twenty  fields  per  mount 
"yielded  reasonably  precise  estimates".  This  method  was 
employed  in  the  Wabamun  Lake  phytoplankton  study. 

3.  Culturing 

The  algae  of  the  bottom  muds  were  qualitatively 
examined  by  Round’s  method  (1964  p.  57)  where  mud  is  placed 
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in  a  petri  dish  with  coverslips  on  the  surface  and  then 
exposed  to  sunlight.  The  mud  was  cultured  for  two  weeks 
in  sunlight  at  which  time  the  coverslips  were  removed  for 
the  examination  of  the  epipelic  algae. 

The  algae  trapped  in  the  ice  at  station  #2  were 
examined  during  the  winter.  Ice  samples  were  taken  from 
0,5  meters  below  the  ice  surface  and  later  melted.  Then 
the  melted  sample  was  placed  in  a  jar  and  aerated  for  a 
two  week  period  in  sunlight.  Small  amounts  of  Bristol's 
solution  were  added  periodically.  The  melted  ice  water 
was  examined  qualitatively  for  phytoplankton. 
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DESCRIPTION  OF  THE  STUDY  AREA 


A.  General 

1.  Geographic  Location 

Wabamun  Lake  is  located  between  longitudes  114°  26* 
and  114°  44’  W  and  latitudes  53°  30'  and  53°  34’  N. 

Wabamun  Lake  lies  40  miles  west  of  Edmonton,  one  mile 
south  of  Highway  16  in  tps .  50-54,  rs .  3-7  W.  5th  meridian. 

2.  Geology  and  Soils 

The  Wabamun  Lake  district  is  an  area  of  low  relief  and 
belongs  phys iographically  to  the  plains  area  of  eastern 
and  central  Alberta  (Rutherford  1928  p.5).  The  elevation 
of  this  area  ranges  from  2,400  to  2,600  feet  above  sea  level, 
but  exceeds  2,700  feet  south  and  west  of  the  Wabamun  Lake 
district  where  tertiary  Paskapoo  sandstones  form  a  more 
resistant  bedrock  than  do  the  Upper  Cretaceous  Edmonton 
shales  of  the  north  and  east.  The  Paskapoo  sandstones  form 
a  line  of  cliffs  along  the  north  shore  of  Wabamun  Lake  and 
a  gentle  scarp  slope  to  the  south  of  the  lake.  North  of 
Lake  Isle  and  Wabamun  Lake  a  capping  of  brown  glacial  tills 
and  fluvial  gravels,  generally  more  than  50  feet  thick, 
gives  a  rolling  or  undulating  topography. 

In  the  Wabamun  Lake  district  two  main  drainage  systems 
are  present.  The  Pembina  River  flows  in  a  northerly 
direction  toward  the  Athabasca  River,  and  the  Mackenzie 
River  flows  to  the  Arctic.  The  North  Saskatchewan  River 
flows  through  the  southeast  corner  of  the  Wabamun  Lake 
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FIGURE  1 


Map  of  the  Edmonton  area  showing  the  location 
of  Wabamun  Lake  in  relation  to  other  lakes  in  the 
vicinity . 
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district,  and  thence  easterly  toward  Lake  Winnipeg  whose 
waters  flow  north  via  the  Nelson  River  to  Hudson  Bay.  It 
is  probable  that  the  Pembina  and  North  Saskatchewan  river 
valleys  were  eroded  in  post-glacial  times,  for  glacial 
drain  patterns  do  not  appear  to  be  related  to  the  present 
river  courses.  Rutherford  (1928  p.7)  suggests  that  Chip 
Lake  (10  miles  west  of  Entwistle),  Isle  Lake,  Lac  Ste. 

Anne,  Wabamun  Lake  and  Low  Water  Lake  are  remnants  of  a 
’’long,  narrow,  continuous  body  of  water  with  an  east-west 
trend".  The  former  drainage  pattern  appears  to  have  been 
transected  by  the  Pembina  River,  for  Chip  Lake  drains  east 
into  the  Pembina  River,  while  Isle  Lake,  whose  drainage  area 
extends  west  almost  as  far  as  the  Pembina  River,  drains 
east  into  Lac  Ste.  Anne  via  Sturgeon  River,  Wabamun  Lake 
drains  to  the  southeast  via  Wabamun  Creek  which  flows  into 
the  North  Saskatchewan  River  (see  Figure  1,  p.  40). 

The  bedrock  of  the  Wabamun  Lake  district  is  composed 
of  rocks  of  late  Cretaceous  and  early  Tertiary  ages.  These 
rocks  consist  of  sandstones,  shales,  and  coal  seams  deposited 
in  a  freshwater  environment.  The  Upper  Cretaceous  is 
represented  by  the  upper  part  of  the  Edmonton  formation, 
while  the  Lower  Tertiary  is  represented  by  beds  of  the 
Paskapoo  formation  (Rutherford  1928) . 

The  Wabamun  Lake  area  lies  in  a  region  of  Grey-Wooded 
soil,  characterized  by  a  grey  colour  due  to  the  leaching 
of  nutrients.  This  orthic  podzolic  soil  is  a  medium  textured 
clay  loam.  The  lake  is  located  in  a  mixed  farming  area. 
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3.  Climate 

Climatological  data  was  obtained  during  the  course  of 
this  study  from  the  weather  station  at  the  Edmonton  Municipal 
Airport  (53°  35'N,  113°  30*  W,  elevation  2200  feet  above 
sea  level).  These  data  are  summarized  in  Table  2,  p.43. 

The  mean  1968  summer  temperature,  May  to  September, 
was  close  to  the  mean  for  other  years.  However,  November, 
December  and  January  had  a  mean  temperature  well  below  the 
mean  for  previous  years.  January  was  the  coldest  month 
of  the  study  and  the  coldest  on  record. 

The  mean  monthly  precipitation  for  1968  was  1.35  inches. 
The  mean  1968  total  precipitation  for  each  of  the  summer 
months  was  well  below  the  mean  for  other  years,  with  the 
exception  of  August  where  3.34  inches  of  rain  were  received 
instead  of  the  normal  2.55  inches.  There  was  much  less 
precipitation  in  the  autumn  than  recorded  for  other  years. 

The  prevailing  winds  during  the  study  were  from  the 
northwest.  In  summer  the  winds  were  strongest  in  early 
afternoon  and  calm  during  the  night  and  early  morning. 

4.  Terrestrial  Vegetation 

The  Wabamun  Lake  area  is  located  in  the  Boreal- 
Parkland  Transition  vegetation  zone  (Moss  1955)  .  The 
forest  consists  predominantly  of  Populus  tremuloides  and 
p.  balsamifera  although  natural  succession  of  poplar  to 
white  spruce  ( Pioea  glauoa )  is  slowly  progressing. 

The  following  herbs  and  shrubs  are  common  to  the 
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The  tall  shrubs  are  Amelanohier  alni folia 3  Cornus  stolonifera 
and  Symphorioarpos  albus  while  the  lower  vegetation  layers 
are  composed  of  Bromus  spp .  3  Calamagrostis  sp .  3  Carex  spp .  3 
Cas title ja  miniata 3  Cirsium  arvense,  Epilobium  angusti folium, 
Erigeron  glabellus  var .  pubesaens 3  Hordeum  jubatum 3  Phleum 
spp . 3  Plantago  major 3  Melilotus  alba3  Trifolium  pratense 3 
Trifolium  repens 3  Rosa  aoioularis 3  Rumex  oooidentalis  var. 
fenestratus 3  and  Sonohus  arvensis . 

B.  Features  of  Wabamun  Lake 

1.  General 

A  hydrographic  map  of  Wabamun  Lake,  prepared  by  the 
Department  of  Water  Resources,  Province  of  Alberta,  (Figure 

2,  p.  45)  shows  five-foot  interval  contour  lines.  Figure 

3,  p.  47  shows  the  location  of  the  two  sampling  stations. 

Wabamun  Lake  receives  water  from  the  following  sources: 
surface  drainage,  ground  water  and  from  the  precipitation 
on  the  surface  of  the  lake.  Several  small  intermittent 
creeks  at  the  west  end  of  Wabamun  Lake  provide  inflow  for 
a  short  portion  of  the  year.  Wabamun  Creek,  which  flows  into 
the  North  Saskatchewan  River,  drains  Wabamun  Lake  to  the 
southeast . 

Figure  4,  p,  48,  shows  the  seasonal  water  level 
fluctuation  from  May  1968  to  May  1969.  The  water  level 
steadily  dropped  to  -29.8  cm  (Nov.  11,  1968)  and  the  water 
level  steadily  rose  in  spring,  1969. 
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FIGURE  2 

Hydrographic  map  of  Wabamun  Lake  which  was 
prepared  by,  and  presented  in  this  thesis  with  the 
permission  of,  the  Department  of  Water  Resources, 
Province  of  Alberta.  Contours  indicate  five-foot 


intervals . 


46. 


TABLE  3 

MORPHOMETRY  OF  WABAMUN  LAKE 


Parameter 


Area  (Az) 

84.5  Km® 

Volume  (V) 

458.2  x  106  in3 

Length  (1)  (Maximum  Effective) 

19. §  Km 

Breadth  (bx)  (Maximum  Effective) 

7,8  Km 

Mean  Breadth  (b) 

4.3  Km 

Maximum  Depth  (Zm) 

10.0  m 

Mean  Depth  (Z) 

3.9  m 

Shoreline  Length  (L) 

42,4  Km 

Depth-Surface  Relation  (Maximum) 

1.09 

Mean  Depth 

Maximum  Depth 

0.39 

Elevation 

723.2  m 

Drainage  Basin 

362.6  Km2 
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FIGURE  3 

Map  of  Wabamun  Lake  showing  the  location  of  the  two 
permanent  phytoplankton  sampling  stations,  station  #1  and 
station  #2.  The  dotted  line  in  the  northeast  portion  of 
the  lake  represents  the  boundary  of  the  ice-free  area 
during  the  winter.  A,  B,  C,  etc.,  indicate  the  location 
of  the  sampling  sites  during  the  study  of  the  horizontal 
distribution  of  the  phytoplankton  (see  Table  19,  p.  118 
and  Table  20,  p.  119). 
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FIGURE  4 


Fluctuation  in  the  water  level  of  Wabamun  Lake, 
May  1968  to  May  1969, 
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II.  Station  #1.  The  Heated  Zone 
1.  Physical  Features 

Seasonal  vertical  temperature  profiles  are  presented 
for  station  #1,  which  was  3  meters  deep,  in  Figure  6, 
p.  51.  In  most  cases  the  surface  temperature  was  greater 
than  that  of  the  water  at  2  meters.  Figure  5,  p,  50,  shows 
the  fluctuation  in  the  surface  water  temperature  throughout 
the  study.  Although  station  #1  did  not  freeze  over  during 
the  winter  months,  the  area  of  the  ice-free  zone  decreased 
considerably . 

The  turbidity  of  the  surface  water  varied  seasonally 
and  is  present  in  Figure  7,  p.  53. 

2.  Chemical  Features 
i.  Dissolved  Gases 

Dissolved  Oxygen:  Vertical  dissolved  oxygen  profiles 
taken  at  one  meter  intervals  show  the  highest  values  at 
the  surface  and  at  one  meter  and  a  decrease  near  the 
bottom.  Most  of  the  oxygen  curves  tend  to  be  orthograde 
(i.e.  more  or  less  uniform  distribution  of  dissolved  oxygen 
from  surface  to  bottom) .  There  was  not  an  oxygen  depletion 
at  the  bottom  of  station  #1  during  the  winter  as  was  observed 
in  station  #2  (i.e.  unaffected  lake).  Figure  8,  p.  55 
shows  the  vertical  dissolved  oxygen  profiles  seasonally 
while  the  fluctuation  in  surface  dissolved  oxygen  is  shown 
graphically  in  Figure  11,  p.  71. 

Carbon  Dioxide:  (Table  11,  p.  70)  due  to  the  inaccuracy 
of  the  Hach  Chemical  kit  test  for  free  carbon  dioxide  (C02) 
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FIGURE  5 


Surface  temperature  at  station  #1  and  station  #2, 
May  1968  to  May  1969. 


FIGURE  6 


Vertical  temperature  profiles  at  station  #1 
on  selected  dates,  May  1968  to  May  1969. 
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TABLE  4 

VERTICAL  TEMPERATURE  PROFILES  AT  STATION  #1  ON  SELECTED  DATES 

MAY  1968  TO  MAY  1969 


Date 

Depth  (m) 

0 

1 

2 

2.5 

a .  May 

30, 

1968 

17.2* 

17.0 

16.3 

15.2 

b.  June 

11, 

1968 

24.8 

20.2 

19.8 

16.8 

c .  June 

26, 

1968 

24.5 

21.8 

21.1 

20.6 

d.  August 

21, 

1968 

26.5 

28.7 

27.7 

27.0 

e.  September 

4, 

1968 

22.3 

17.0 

15.9 

15.2 

£.  October 

12, 

1968 

16.7 

15.4 

10.9 

10.4 

g.  December 

6, 

1968 

14.0 

6.6 

4.6 

4.4 

h.  February 

5, 

1969 

13.3 

11.8 

4.8 

4.8 

i .  March 

8, 

1969 

16.5 

5.25 

4.7 

4.7 

j  .  April 

9, 

1969 

21.5 

14.5 

9.0 

8.8 

k.  May 

20, 

1969 

23.8 

15.5 

14.0 

12.8 

*  Degrees  centigrade. 
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FIGURE  7 

in  the  turbidity  of  the  surface 
#1  and  station  #2,  May  1968  to  May  1969. 
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FIGURE  8 

Vertical  dissolved  oxygen  profiles  at 
station  #1  on  selected  dates.  May  1968  to 
May  1969. 
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TABLE  6 

VERTICAL  DISSOLVED  OXYGEN  PROFILES  AT  STATION  #1  ON  SELECTED  DATES 

MAY  1968  TO  MAY  1969 


Date 

Depth  (m) 

0 

1 

2 

2.5 

a .  May 

30, 

1968 

9.7* 

9 . 3 

9.0 

9.1 

b .  June 

11, 

1968 

7.5 

7.3 

7.4 

5.0 

c.  July 

3, 

1968 

9.7 

10.2 

9.0 

7.4 

d.  July 

9, 

1968 

8.2 

8.9 

8.5 

8.0 

e.  July 

16, 

1968 

8.3 

8.0 

8.3 

7.8 

f.  September 

4, 

1968 

8.0 

7.9 

7.1 

g.  April 

9, 

1969 

7.7 

8.4 

—  — 

9.0 

* 


ppm. 
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the  amount  of  this  gas  in  the  surface  water  was  determined 
by  means  of  a  nomograph.  The  concentration  of  this  gas 
ranged  from  .3  ppm  to  10.5  ppm. 

Hydrogen  Sulfide:  No  hydrogen  sulfide  was  found  at 
station  #1  at  any  time  of  the  year. 

ii.  Minerals  in  Solution 

Silica :  (Table  7  ,  p.  58)  The  concentration  of  silica 
in  the  surface  water  varied  seasonally  at  station  #1  and 
ranged  from  1.4  to  6.2  ppm  with  a  mean  of  2.9  ppm.  The 
maximum  concentration  of  silica  was  recorded  for  March 
26,  1969. 

Iron :  (Table  7  ,  p.58  )  The  range  of  ferrous  iron  in 
the  surface  water  of  station  #1  was  from  .03  to  .25  ppm 
with  a  mean  of  .05  ppm. 

Sulphates :  (Table  7  ,  p.  58)  Sulphate  in  the  surface 
water  of  station  #1  ranged  from  5  to  208  ppm,  with  a  mean 
of  36  ppm. 

Fluoride  and  Fluorine:  (Table  7  ,  p.58  )  The  fluoride 
content  of  the  surface  water  of  station  #1  ranged  from  .13 
to  .84  ppm  with  a  mean  of  .30  ppm.  The  fluorine  content 
ranged  from  .18  to  .83  ppm  with  a  mean  of  .39  ppm. 

Chlorides :  (Table  7  ,  p.  58)  The  range  of  chloride 
conentration  found  in  the  surface  water  of  station  #1 
ranged  from  2.5  to  9.0  ppm,  with  a  mean  of  5.8  ppm. 

Nitrogen:  (Table  7  ,  p.  58)  Both  ni trate -nitrogen 
and  ni tr i te -ni trogen  were  present  in  very  minute  quantit¬ 
ies,  if  at  all,  and  were  not  detectable. 
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TABLE  7 

Physico-chemical  data  for  the  surface  meter  of  station 
#1  and  station  #2  of  Wabamun  Lake,  May  1968  to  May  1969. 
Water  level,  ice  thickness,  and  snow  thickness  were  measured 
in  centimeters.  Conductivity  was  measured  in  millimhoss 
and  turbidity  was  measured  in  Jackson  Turbidity  Units  (JTU) . 
All  other  readings  were  recorded  in  ppm. 


Addition : 
Station  #2 


Dec . 

Jan . 

Feb 

o 

March 

7 

19 

17 

5 

19 

8 

26 

Ice  thickness 
Snow  thickness 

18.8 

1.5 

31.0 

11.5 

48.0 

20.0 

55.5 

30.0 

59.7 

36.5 

62.4 

31.0 

71.9 

12.5 
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Abbreviations:  HACH  =  Hach  Chemical  Kit;  PAD  =  Provincial  Analyst  Determination;  Phenol.  =  Phenolpthalein ;  Carbon.  =  Carbonate;  Bicarb.  *  Bicarbonate. 
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Phosphorus :  (Table  7  ,  p.  58)  Ortho-phosphate  phosphorus 
determinations  were  made  with  the  Hach  Chemical  kit  and  also 
were  made  by  the  Provincial  Analyst.  Although  the  Hach 
Chemical  kit  does  not  employ  a  refined  analytical  technique, 
the  results  do  provide  some  idea  of  the  amount  of 
soluable  phosphorus  present.  Ortho-phosphate  concentrations 
ranged  from  0  to  1.50  ppm  in  the  surface  water  of  station  #1. 
The  highest  reading  was  recorded  on  August  21,  1968.  The  mean 
concentration  of  orth-phosphate  phosphorus  in  the  surface 
water  was  .23  ppm. 

Trace  Elements:  (Table  7  ,  p.  58)  The  concentrations 
of  the  trace  elements  copper  and  manganese  ranged  from  .06 
to  .20  ppm  and  from  .1  to  2.0  ppm,  respectively.  The  mean 
concentration  of  these  two  elements  was  .12  and  .7,  respect¬ 
ively,  in  the  surface  water  of  station  #1. 

iii.  Other  Substances  in  Solution 

Total  Solids:  (Table  11  ,  p.  70)  The  concentration  of 
total  solids  in  the  surface  water  of  station  #1  ranged  from 
190  to  694  ppm  with  a  mean  of  315  ppm. 

Organic  Matter:  (Table  7  ,  p.  58)  Organic  matter  per  se 
was  not  done  by  the  Provincial  Analyst.  However,  if  ignition 
loss  is  considered  to  be  indicative  of  the  organic  matter 
content,  a  range  of  10  to  384  ppm  was  observed,  with  a  mean 
of  111  ppm. 

Alkalinity:  (Table  7  ,  p.  58)  The  mean  total  alkalinity 
for  the  study  period  was  192  ppm  (44  ppm  carbonate  alkalinity, 
148  ppm  bicarbonate  alkalinity).  Total  alkalinity  remained 
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fairly  constant  throughout  the  study  in  the  surface  water 
of  station  #1. 

Hardness :  (Table  7  ,p0  58)  The  seasonal  change  in  the 
total  hardness  of  the  surface  water  of  station  #1  was  from 
110  to  150  ppm.  The  mean  total  hardness  was  124  ppm  and 
would  be  considered  by  the  U.S.  Geological  Survey  as  being 
"hard”  water  (121  to  180  ppm) . 

Hydrogen-Ion  Concentration:  (Table  11  ,  p0  70)  The 
hydrogen-ion  concentration  (pH)  in  the  surface  water  of 
station  #1  ranged  from  7.3  to  8.8  with  a  mean  of  8.5. 

iv.  Chemistry  of  the  Bottom  Sediment 

Table  8  ,  p.61  shows  the  results  of  the  chemical 
analysis  of  the  bottom  sediments  of  station  #1  throughout 
the  study.  These  tests  were  performed  by  the  Soil  and  Feed 
Testing  Laboratory,  Department  of  Agriculture,  Province  of 
Alberta . 

3.  Biotic  Features 

Aquatic  Vascular  Plants:  The  floating  aquatic  plants 
at  station  #1  included  Lemna  minor,  which  occurred  in  very 
minute  amounts  among  the  emergent  vascular  plants,  and 
Nuphar  variegatum  which  was  dominant  and  most  abundant 
along  the  east  side  of  Wabamun  wharf.  Sagittavia  cuneata 
was  observed  growing  among  the  emergent  aquatic  plants  in 
August  (see  Plate  III,  p.  62,  Plates  IV  and  V,  p.  63). 

The  emergent  aquatic  vascular  plants  were  found  on 
either  side  of  the  outlet  canal  and  extended  east  as  far 
as  the  C.  N.  R.  tressel.  Phragmites  communis 3  Scirpus 
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WABAMUN  LAKE  BOTTOM  SEDIMENTS 
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lbs/acre  available  nutrients. 
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PLATE  II 

View  of  the  Calgary  Power  Ltd.  plant  (right) 
and  the  Building  Products  Ltd.  plant  (left)  at  Wabamun 
as  seen  from  the  outlet  canal  looking  north.  Photograph 
taken  by  D.  Allen. 


PLATE  III 

The  emergent  vascular  plant,  Soirpus  validus  , 
growing  among  Nuphar  variegatum .  On  the  surface  of  the 
water  the  tops  of  the  submersed  aquatic  vascular  plants 
may  be  seen.  Photograph  taken  by  R.  Egedahl. 


6  3  o 


PLATE  IV 

Nuphar  variegatum  in  flower.  Photograph  taken 
by  D.  Allen. 


PLATE  V 

Floating  leaves  of  Sagittavia  ouneata .  In  the  upper 
left  corner  Myviophyllum  exalbesoens  may  be  observed 
beneath  the  water’s  surface.  Photograph  taken  by 
R.  Egedahl. 
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FIGURE  9 

The  distribution  of  the  vegetational 
zones  of  the  northeast  portion  of  Wabamun  Lake, 
based  on  field  observations  and  aerial  photo¬ 
graphs  . 
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validus ,  and  Typha  latifolia  were  the  most  common  emergent 
plants  in  the  heated  zone. 

The  submersed  vegetation  is  by  far  the  more  dynamic  of 
the  aquatic  plants,  both  in  species  diversity  and  abundance. 
By  July  the  submersed  plants  had  grown  to  the  surface  of  the 
water  so  extensively  at  station  #1  that  motor  boats  were 
greatly  impeded.  The  submersed  vegetation  consisted 
predominantly  of  Myviophyllum  exalbescens  and  Potomoget.on 
richards onii ,  while  P.  peotinatus 3  P.  vaginatus  and  Elodea 
canadensis  were  found  to  be  less  abundant.  The  alga  Chara 
sp .  was  also  present  in  small  amounts.  The  distribution 
of  the  aquatic  vascular  plants  may  be  observed  in  Figure  9, 
p  .  64)  . 

During  the  winter  months  the  submersed  plants  receded 
at  station  #1  and  did  not  grow  to  the  water  surface  again 
until  the  end  of  May,  1969. 

Benthic  and  Aufwuchs  Algae:  The  benthic  algae  growing 
on  submersed  vegetation,  wharf  pilings,  bottom  sediments, 
and  those  growing  on  glass  slides,  were  examined  qualitat¬ 
ively.  The  following  species  were  observed: 

Division  Chlorophyta: 

ChaetophoTa  etegans  (Roth)  Agardh 
Chlamy domonas  sp . 

Cladopbiova  insignis  (C.A.  Ag . )  Kuetzing 
Cylindrocapsa  geminella  Wolle 

Division  Cyanophyta: 

Lyngbya  limnetica  Lemmermann 
Nostoc  muscorum  C.A.  Agardh 
Oxcillatovia  rubescens  De  Candolle 
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Spirulina  genneri  (Stizenber ger)  Geitler 
Division  Chrysophyta  (Diatomeae) : 


Amphora  sp . 
CooQoneis  Sp . 
Cymbella  sp . 
Melosira  granulata 


Navicula  sp . 
Nitzschia  sp . 
Pinnularia  sp . 
Tabellaria  sp . 


Zooplankton :  Keratella  cochlearis  and  Z.  quadrata 

were  the  most  common  planktonic  rotifers,  while  Kellioottia 
longispina  was  found  to  a  much  lesser  degree  during  the 
latter  part  of  the  summer.  The  copepods  Cyclops  and  Diaptomus 
were  observed  at  station  #1,  as  well  as  the  cladoceran  Daphnia. 

III.  Station  #2  The  Unaffected  Lake 


1.  Physical  Features 


Seasonal  vertical  temperature  profiles  are  shown 
for  station  #2,  which  was  10  meters  deep,  in  Figure  10 
p,  67.  In  May,  1968  when  the  study  commenced,  a  condition 
of  homothermy  existed.  By  July  3,  1968  a  thermoclime 
developed  but  persisted  for  only  a  short  period  of  time. 
Shallow  lakes  such  as  Wabamun  Lake  (10  meters)  are  charact¬ 
erized  by  an  unstable  thermoclime  and  exhibit  homothermy 
most  of  the  year  due  to  mixing.  The  surface  water  temperature 
at  station  #2  ranged  from  .1  to  19.2°C  throughout  the  study 
and  fluctuations  may  be  seen  graphically  in  Figure  5  ,  p.  50 
Freeze  up  occurred  during  the  week  of  November  24-30,  1968. 

Turbidity  fluctuations  at  station  #2  are  shown  in 
Figure  7  ,  p.  53.  Turbidity  increased  throughout  the  summer 
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FIGURE  10 

Vertical  temperature  profiles  at  station 
#2  on  selected  dates,  May  1968  to  May  1969* 
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TABLE  9 


VERTICAL  TEMPERATURE  PROFILES  AT  STATION  #2  ON  SELECTED  DATES 

MAY  1968  TO  MAY  1969 


Date 

Depth 

(m)  0 

1 

2 

3 

4 

6 

8 

9  . 

a . 

May 

30, 

1968 

13.1* 

13.1 

13.1 

13.1 

13.1 

13.1 

12.9 

12 

b  . 

June 

11, 

1968 

17.0 

16.9 

16.9 

16.9 

16.9 

16.9 

15.2 

14 

c . 

June 

26, 

1968 

o 

o 

oo 

pH 

17.9 

17.9 

17.9 

17.9 

17.2 

17.1 

17 

d. 

July 

3, 

1968 

19.7 

19.4 

18.2 

16.6 

16.6 

15.9 

15.9 

15 

e . 

Augus  t 

13, 

1968 

16.4 

16.3 

16.3 

16.3 

16.3 

16.3 

16.3 

16 

£ . 

September  4, 

1968 

15.0 

15.1 

15.1 

15.1 

15.1 

15.1 

15.0 

14 

g- 

October 

12, 

1968 

8.1 

8.1 

8.1 

8.1 

8.1 

8.0 

8.0 

7 

h . 

November  11, 

1968 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

3.0 

3 

i  . 

January 

17, 

1969 

0.3 

1.5 

1.9 

2.1 

2.5 

3.5 

3.9 

4 

j  • 

May 

6, 

1969 

7.5 

7.5 

7.5 

7.5 

7.5 

7.5 

7.5 

7 

k . 

May 

13, 

1969 

11.5 

11.0 

10.5 

9.8 

9.5 

9.3 

9.3 

8 

*  Degrees  centigrade . 
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TABLE  11 

Dissolved  gases  of  station  #1  and  station  #2 
of  Wabumun  Lake,  May  1968  to  May  1969. 
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FIGURE  11 

Fluctuation  in  surface  dissolved  oxygen  at 
station  #1,  May  1968  to  May  1969. 


FIGURE  12 

Fluctuation  in  surface  dissolved  oxygen  at 


station  #2,  May  1968  to  May  1969. 
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FIGURE  13 

Vertical  dissolved  oxygen  profiles  at 
station  #2  on  selected  dates,  May  1968  to 
May  1969, 
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TABLE  12 


VERTICAL  DISSOLVED  OXYGEN  PROFILES  AT  STATION  # 2  ON  SELECTED  DATES 

MAY  1968  TO  MAY  1969 


Date 

Depth  (m) 

0 

2 

4 

6 

8 

9.75 

a .  May 

30, 

1968 

10.5* 

10.4 

10.4 

10.2 

10.0 

7.8 

b .  June 

11, 

1968 

10.2 

10.0 

9.5 

9.1 

8.8 

4.0 

c.  July 

3, 

1968 

10.0 

10.0 

9.2 

6.8 

6 . 6 

3.8 

d.  July 

9, 

1968 

9.4 

9.0 

7.8 

7.6 

5.3 

3.6 

e  .  July 

16, 

1968 

8.5 

9.0 

7.6 

7.2 

6.2 

1.1 

£.  August 

27, 

1968 

9.5 

9.5 

9.5 

9.0 

6.4 

4.8 

g.  October 

30, 

1968 

11.0 

10.2 

9.5 

9.0 

9.6 

9.6 

h.  February 

19, 

1969 

12.5 

8.0 

1.9 

0.9 

i .  March 

26, 

1969 

6.0 

6.0 

3.1 

1.8 

1.6 

0.6 

j.  April 

9, 

1969 

7.5 

5.6 

2.8 

2.2 

2.0 

1.5 

k.  April 

28, 

1969 

6.8 

6.0 

6.0 

5.5 

5.5 

5.4 

* 


ppm. 
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and  was  optimal  in  August. 

2.  Chemical  Features 

i  .  Dissolved  Gases 

Dissolved  Oxygen:  (Table  11  ,  p.  70)  The  surface 
dissolved  oxygen  ranged  from  6  to  14  ppm  and  seasonal 
fluctuations  are  shown  in  Figure  12,  p.  71.  Vertical 
dissolved  oxygen  profiles,  taken  at  two  meter  intervals, 
show  that  most  dissolved  oxygen  curves  tend  to  be  clino- 
grade  (i.e.  high  concentration  of  oxygen  in  the  epilimnion 
and  little,  or  no  oxygen  in  the  hypolimnion) .  On  July  16, 
1968,  and  in  February  and  March,  1969,  there  was  a  very 
low  concentration  of  dissolved  oxygen  at  9.75  meters  at 
station  #2. 

Carbon  Dioxide:  (Table  11,  p.  70)  The  surface  free 
carbon  dioxide  was  determined  by  means  of  a  nomograph  and 
ranged  from  .3  ppm  to  1.3  ppm. 

Hydrogen  Sulfide:  (Table  7  ,  p.  58)  No  hydrogen  sulfide 
was  found  at  station  #2,  even  at  the  bottom  meter  when 
dissolved  oxygen  was  less  than  1  ppm. 

ii  .  Minerals  in  Solution 

Silica:  (Table  7  ,  p.  58)  The  concentration  of  surface 

silica  varied  seasonally  at  station  #2  and  ranged  from  1.4 
to  6.0  ppm  with  a  mean  of  3.2  ppm.  The  highest  maximum 
concentration  of  silica  was  recorded  for  April  23,  1969. 

Iron:  (Table  7  ,  p.  58)  The  range  of  concentration 
of  ferrous  iron  in  the  surface  water  of  station  #2  was  from 
.01  to  .13  ppm  with  a  mean  of  .04  ppm. 
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Sulphates :  (Table  7  ,  pc  58)  Sulphate  in  the  surface 
water  of  station  #2  ranged  from  1  to  1088  ppm  with  a  mean  of 
78  ppm. 

Fluoride  and  Fluorine:  (Table  7  ,  p.  58)  The  fluoride 
content  of  the  surface  water  of  station  #2  ranged  from  .17 
to  1.34  ppm  with  a  mean  of  ,32  ppm.  The  fluorine  content 
ranged  from  0  to  .70  ppm  with  <a  mean  of  ,39  ppm. 

Chlorides :  (Table  7,  p.  58)  The  range  of  chloride 
found  in  the  surface  water  of  station  #2  r&pged  from  2.5  to 
8.5  ppm  with  a  mean  of  5.7  ppm. 

Nitrogen:  (Table  7  ,  p,  58)  Both  nitrate-nitrogen  and 
nitrite-nitrogen  were  present  in  very  minute  amounts,  if 
at  all,  and  were  not  detectable  at  station 

Phosphorus :  (Table  7  ,  p,  58)  Ortho-phosphate  phos¬ 
phorus  concentrations  ranged  from  0  to  1,00  ppm  with  a  mean 
of  .20  ppm. 

Trace  Elements:  (Table  7  ,  p.  58)  The  concentrations 
of  the  trace  elements  copper  and  manganese  ranged  from  0  to 
.13  ppm  and  0  to  2,10  ppm  respectively.  The  mean  for  each 
of  these  was  .11  and  .8  ppm  respectively  in  the  surface 
water  of  station  #2. 

iii,  Other  Substances  in  Solution 

Total  Solids:  (Table  11  ,  p.  70)  The  concentration 
of  total  solids  ranged  from  208  to  1812  ppm  with  a  mean  of 
382  ppm  in  the  surface  water  of  station  #2. 

Organic  Matter:  (Table  7  ,  p.  58)  Ignition  loss  ranged 
from  62  to  200  ppm  with  a  mean  of  111  ppm.  This  is  a  rough 
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estimation  of  the  amount  of  organic  matter  present. 

Alkalinity :  (Table  7  ,  p.  58)  The  mean  total  alkalinity 
for  the  study  period  was  196  ppm  (44  ppm  carbonate  alkalinity, 
152  ppm  bicarbonate  alkalinity) „  Total  alkalinity  remained 
fairly  constant  throughout  the  study  in  the  surface  water  of 
station  #2. 

Hardness :  (Table  7  ,  p.  58)  The  seasonal  change  in 
total  hardness  of  the  surface  water  of  station  #2  was  from 
109  to  190  ppm,  with  a  mean  of  129  ppm  and  would  be  consider¬ 
ed  as  "hard”  water  (121  to  180  ppm)  by  the  U.S.  Geological 
Survey . 

Hydrogen- Ion  Concentration:  (Table  11,  p.  70)  The 
hydrogen-ion  concentration  (pH)  of  the  surface  water  of  station 
#2  ranged  from  8.2  to  9.1  with  a  mean  of  8.6. 

iv.  Chemistry  of  the  Bottom  Sediment 

Table  8  ,  pc61  Shows  the  results  of  the  chemical, 
analysis  of  the  bottom  sediments  of  station  #2  throughout 
the  study.  These  tests  were  performed  by  the  Soil  and  Feed 
Testing  Laboratory,  Department  of  Agriculture,  Province  of 
Alberta . 

v.  Ice:  Chemical  and  Biological  Aspects 

Table  13  ,  p.77  shows  the  results  of  the  chemical 

analysis  of  the  ice  at  station  #2.  These  tests  were  performed 
by  the  Provincial  Analyst,  Department  of  Agriculture,  Province 
of  Alberta.  Note  that  the  chemical  composition  of  the  ice 
differs  from  that  of  the  surface  water  in  that  the  values  for 
hardness,  ignition  loss,  and  total  solids  are  much  less  for 
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TABLE  13 

CHEMICAL  ANALYSIS*  OF  THE  ICE  AT  STATION  #2 

WABAMUN  LAKE 


Jan . 

Feb , 

March 

April 

16 

5 

19 

8 

26 

9 

Alkalini ty 

20 

1 

15 

16 

51 

16 

Chlorides 

2 

2 

0 

2 

Z 

4 

Fluoride 

rr  ar 

-  - 

.02 

0 

.02 

Hardness 

5 

30 

11 

14 

40 

12 

Ignition  loss 

32 

58 

34 

34 

60 

36 

Iron 

,10 

.13 

,03 

,02 

1.18 

.13 

Nitrogen  (nitrate) 

0 

0 

0 

0 

0 

0 

Nitrogen  (nitrite) 

0 

0 

0 

0 

0 

0 

Phosphate  (ortho) 

.01 

.04 

0 

.03 

.05 

.03 

Phosphate  (total) 

.14 

,06 

0 

.04 

.09 

.04 

Silica 

0 

0 

.40 

.06 

-p* 

o 

oo 

o 

.06 

Sulphates  (S04) 

4 

2 

17 

40 

19 

2 

Total  solids 

60 

82 

70 

106 

126 

56 

*  Provincial  Analyst  Determinations  (ppm) . 
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the  ice. 

When  the  ice  from  station  #2  was  melted  and  aerated 
for  two  weeks,  Chlamydomonas  sp.  was  found  in  the  ice 
melt  water  in  both  the  vegetative  and  resting  stages. 
Evidently,  these  organisms  were  trapped  in  the  ice  upon 
free  zing . 

3.  Biotic  Features 

Aquatic  Vascular  Plants:  No  vascular  aquatic  plants 
were  found  at  station  #2. 

Benthic  and  Aufwuchs  Algae:  Generally,  the  benthic 
algal  flora  observed  on  bottom  sediments  and  on  glass 
slides  was  very  poor  in  species  diversity.  Many  of  the 
algae  on  the  slides  were  phytoplankton  that  had  become 
attached.  Lyngbya  limnetioa ,  a  planktonic  filamentous 
Cyanophyte,  has  a  sticky  sheath  and  was  well  represented 
on  the  glass  slides.  The  epipelic  algae  on  the  bottom 
sediments  were  largely  phytoplankton  that  had  settled  on 
the  bottom  of  the  lake  such  as  Melosira  granulata s 
As tevionella  formosa  and  Synedra  ulna3  although  truly 
epipelic  algae  such  as  A laviaula  spp .  were  observed  in 
locomotion  using  Round* s  cover  slip  technique. 

Zooplankton :  Keratella  coehleavis  and  K.  quadrata 
were  the  most  common  planktonic  rotifers,  while  Kelliaottia 
longispina  was  found  to  a  much  lesser  degree  during  the 
latter  part  of  the  summer.  The  copepods  Cyclops  and 
Diaptomus  were  observed  at  station  #2,  as  well  as  the 
cladoceran  Daphnia  (see  Plate  VI,  p.  79). 


PLATE  VI 


Zooplankton  (a-c) :  a  =  Rotifer,  Keratella  coehlearis 
x  800=  b=  Lateral  view  of  Diaptomus  sp .  x  100= 
c=  Dorsal  view  of  nauplius  stage  of  a  calanoid  copepod 
x  800  = 

Benthic  Algae  (d-f) :  d=  Chlorophyte  Chaetophora 
elegans  x  100.  e.  Benthic  diatom  Cymbella  sp .  x  100= 
f.  Cymbella  sp .  x  580= 

Phytoplankton  (g-1):  g=  Girdle  view  of  the  planktonic 
diatom  Stephano discus  niagarae  x  250.  h,  Filamentous 
planktonic  diatom  Melosira  granulata  x  300,  lower  right 

I 

corner,  while  the  planktonic  Chlorophyte,  Pediastrum 
boryanum  x  300,  is  in  the  centre =  i.  The  planktonic 
Chlorophyte  Pediastrum  duplex  x  300=  j.  The  planktonic 
colonial  diatom  Fragilaria  crotonensis  x  500.  k.  Upper 
right  corner,  the  colonial  plantonic  diatom  Fragilaria 
capueina  x  415.  Plantonic  Cymbella  sp =  in  lower  left 
corner  x  415=  1.  Planktonic  diatom  Asterionella  formosa 

x  2  50. 

All  photos  by  D.  Allen,  except  for  ’b’  which  was  taken 
by  J .  States . 
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RESULTS 

A.  Species  Composition  and  Seasonal  Succession. 

During  the  study  of  the  phytoplankton  of  Wabamun  Lake, 
ninety-six  species  of  planktonic  algae  were  identified. 

The  species  composition  of  this  lake  was  the  same  at  both 
station  #1  and  station  #2,  although  there  were  differences 
in  the  abundance  of  the  species. 

Table  14,  p.  81  indicates  the  main  period  of  occurr¬ 
ence  and  relative  abundance  of  the  various  phytoplankton 
species  at  both  sampling  station.  In  discussing  seasonal 
succession,  only  the  more  important  phytoplankton  species 
are  considered,  while  those  species  that  occurred  rarely  or 
occasionally  with  respect  to  the  entire  phytoplankton 
community  are  not  mentioned. 

Theoretically,  the  predominant  species  in  a  community 
would  be  more  important  than  the  species  that  are  present 
in  sparse  numbers.  For  this  reason  the  classification 
of  the  phytoplankton  community  by  the  name  of  the  dominant 
and  sub-dominant  species  in  order  to  denote  the  nature 
of  the  community  and  some  features  of  the  ecosystem  in 
which  the  phytoplankton  occur  is  practical  (Lin  1968)  . 
Bozniak  (1966)  ,  in  presenting  the  seasonal  succession  of 
Phytoplankton,  divided  the  organisms  into  three  categories 
on  the  basis  of  numerical  units.  A  similar  classification 
will  be  employed  in  considering  seasonal  succession  in 
Wabamun  Lake.  Table  15,  p.  86  illustrates  the  application 
of  such  a  system  of  classification.  The  terms  dominant 
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TABLE  15 

PHYTOPLANKTON  OF  WABAMUN  LAKE 
STATION  #  2 


September  4th, 

1968 

Surface 

Meter 

Category 

Alga 

No,  Cells/ml 

Dominant 

Lyngbya  limnetioa 

23 

,262 

Sub -dominant 

Os cillatoria  amoena 

861 

Gomphosphaeria  lacustris 
var .  oompacta 

795 

Aphanocapsa  elaohista 

742 

Melosira  spp. 

504 

Crucigenia  quadrat  a 

382 

Coelosphaerium  naegelianum 

340 

Subordinant 

Pedias  trum  bory anum 

286 

Pediastrum  duplex 

191 

Diatyosphaerium  pulchellum 

72 

Asterionella  formosa 

58 

Scenedesmus  quadricauda 

53 

Dinobry on  s ertularia 

24 
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and/or  codominant,  sub  -  dominant ,  and  subordinant  are  defined 
by  Bozniak  (1966  p.  104). 

In  spite  of  the  problem  of  cell  size  and  the  problem  of 
colonial  forms,  the  use  of  cell  numbers  is  probably  the  best 
way  of  obtaining  a  clear  indication  of  the  phytoplankton 
species  composition  and  the  seasonal  qualitative  and  quanti¬ 
tative  changes  that  occur  in  the  phytoplankton  community. 

Seasonal  Succession 
Station  #1 

May  1968:  The  codominant  phytoplankton  species  at 
station  #1  during  the  last  two  weeks  of  May  were  the 
diatom  Fragilaria  oapuoina  and  the  Chrysophyte  Dinobry on 
s  ertularia .  Fvag'l'Lav'La  oapucina  reached  a  population 
maximum  of  2770  cells/ml  (May  22)  while  Dinobryon  sert- 
ularia  had  a  population  maximum  of  1536  cells/ml  (May  15)  . 
The  diatoms  Melosira  spp .  3  Synedra  ulna,  and  Asterionella 
fovTnoscc  were  sub -dominant .  Tabellav'ia  fenestvata  reached 
its  population  maximum  of  159  cells/ml  on  May  22  and 
decreased  in  numbers  as  the  month  progressed. 

The  two  most  abundant  species  of  the  Cyanophyta  were 
Lyngbya  limnetioa  and  Coelosphaerium  naeglianum.  These  two 
species  were  sub-dominant  in  the  phytoplankton  community 
and  increased  in  numbers  to  1360  cells/ml  (May  30)  and  685 

cells/ml  (May  30),  respectively. 

The  most  abundant  Chlorophyte  was  Pediastrum  boryanum 
which  was  a  sub-dominant  species.  Soenedesmus  quadrioauda , 
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Crucigenia  quadrata ,  and  Coelastrum  microporum  were  also 
present  as  subordinant  species. 

June  1968:  The  first  two  weeks  of  June  differed  from 
the  second  half  of  May  in  that  Fragilaria  capuoina 3  Synedra 
ulna3  and  Melosira  spp0  decreased  greatly  in  numbers  (June 
11).  The  population  of  the  Chrysophyte,  pinobryon  sertularia3 
decreased  to  such  an  extent  that  it  became  a  subordinant 
species . 

The  last  two  weeks  of  June  at  station  #1  were  charact¬ 
erized  by  a  rapid  increase  in  the  number  of  cells  of 
Fragilaria  capuoina  (June  18).  The  diatoms,  Fragilaria 
crotonensis  and  Melosira  spp .  also,  increased  in  numbers 
from  0  to  477  cells/ml  and  from  13  to  211  cells, /ml, 
respectively.  The  diatom,  Asterionella  formosa ,  was  abundant 
during  this  period  and  reached  its  population  maximum  of 
536  cells/ml  at  station  #1  on  June  26. 

During  June  the  population  of  the  Cyanophyte,  Lyngbya 
limnetica,  decreased  to  151  cells/ml. 

In  summary,  the  first  two  weeks  of  June  at  station  #1 
were  characterized  by  Coelosphaerium  naegelianum  as  the 
dominant  species,  while  Fragilaria  capuoina  and  Gomphosphaeria 
lacustris  var.  compacta  were  sub  -  dominant .  The  last  two 
weeks  of  June  at  station  #1  exhibited  Fragilaria  capuoina  as 
the  dominant  species  in  the  phytoplankton  community  while 
Melosira  spp .  3  Asterionella  formosa 3  Fragilaria  crotonensis 
and  Pediastrum  boryanum  were  sub-dominant  species. 
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July  1968:  The  dominant  species  at  station  #1  during 
the  first  two  weeks  of  July  was  Fragilaria  oapuoina  while  the 
sub-dominant  species  were  Coelosphaerium  na&g&lianum  and 
Gomphosphaeria  laoustris  var.  oompaeta .  The  diatom, 

Fragilaria  oapuoina ,  increased  to  626  cells/ml  (July  3)  and 
the  Chrysophyte,  Dinobryon  sertularia. ,  increased  from  265  to 
533  cells/ml. 

The  last  two  weeks  of  July  indicated  an  increase  in  the 
population  of  the  Cyanophyte,  Coelosphaerium  naegelianum. 

Pedias  trum  boryanum  reached  its  maximum  population  of  1049 
cells/ml  (July  31)  while  Lyngbya  limn$H@a  continued  to 
increase  in  numbers  and  reached  a  population  maximum  of 
3927  cells/ml  at  station  #1  (July  31),  the  diatom,  Aster- 
ionella  formosa,  decreased  in  numbers  during  July  from  345 
to  27  cells/ml. 

August  1968:  During  the  first  two  weeks  of  August  the 
dominant  phytoplankton  species  was  Lyngbya  limnetioa,  while 
the  sub-dominant  species  were  the  diatoms  Fragilaria 
oapuoina ,  F.  orotonensis ,  and  Melosira  spp .  The  Cyanophytes 
Coelosphaerium  naegelianum3  Aphanotheoe  nidulans 3 
Gomphosphaeria  luoustris  var.  oompaota  were  also  sub-dominant 
species . 

As  August  progressed,  station  #1  showed  a  distinct 
trend  toward  the  reduction  in  the  number  of  diatoms,  especially 
of  Fragilaria  oapuoina,  F.  orotonensis ,  and  Melosira  spp . 

The  Chlorophy te ,  Cruoigenia  guadrata ,  increased  in  numbers 
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during  August  (from  138  to  232  cells/ml). 

September  1968:  The  dominant  phytoplankton  species  at 
station  #1  during  September  was  Lyngbya  limnetioa .  This 
Cyanophyte  increased  in  numbers  at  station  #1  during 
September  and  reached  its  population  maximum  of  53,623 
cells/ml  on  September  27. 

The  sub-dominant  species  included  the  diatoms  Melosira 
spp , j  Asterionella  formosa,  and  Synedra  ulna .  During  the 
first  two  weeks  of  September,  Fragilaria  oapuoina  and  F . 
orotonensis  were  sub-dominant  species,  but  during  the  last 
two  weeks  of  September  both  species  of  this  genus  were  absent 
at  station  #1.  During  the  last  two  weeks  of  September  the 
diatom  Asterionella  formosa  exhibited  a  population  pulse 
which  reached  a  maximum  of  451  cells/ml  at  station  #1. 

The  Cyanophy tes ,  Oscillatoria  amoena  and  Coelosphaerium 
naegelianum ,  as  well  as  the  Chlorophytes  Pediastrum  boryanum 
and  Cruoi genia  quadrata ,  were  sub-dominant  species  throughout 
September o  On  September  4,  Cruoigenia  quadrata  reached  its 
population  maximum  of  334  cells/ml  at  station  fl» 

October  1968:  The  Cyanophyte,  Lyngbya  limnetioa ,  was 
the  dominant  phytoplankton  species  during  October  at  station 
#1,  while  Coelosphaerium  naegelianum  was  the  major  sub¬ 
dominant  species. 

The  two  most  abundant  diatom  species  were  Asterionella 
formosa  and  Melosira  spp. ,  although  both  of  these  were 
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subordinant.  The  Chlorophytes  Pediastrum  boryanum y 
Soenedesmus  quadrioauda,  Cvuoigenia  quadrata  and  Diotyosphaer- 
ium  pulohellum  were  also  subordinant  species. 

November  1968:  The  dominant  phytoplankton  species  at 
station  #1  in  November  was  Lyngbya  limnetica ,  although  it 
was  less  abundant  than  it  was  in  October.  During  November 
the  Diatomeae  was  drastically  reduced  in  population  size, 
Melosira  spp .  and  Synedra  ulna  being  present  in  very  small 
numbers . 

December  1968:  In  December  the  dominant  phytoplankton 
species  was  Lyngbya  limnetica .  There  were  no  truly  sub¬ 
dominant  species.  The  subordinant  species  included  the 
Chlorophytes  Cvuoigenia  quadrata ,  Dicty osphaerium  pulohellum 3 
and  Langevheimia  dvoesoheri . 

January  1969:  Due  to  unfavourable  weather  conditions, 
station  #1  was  not  sampled  during  this  month. 

February  1969:  In  February  there  was  no  dominant 
alga  at  station  #1.  The  Chlorophytes  Cvuoigenia  quadrata s 
Pediastrum  boryanum ,  and  the  diatoms  Fragilaria  oapucina 3 
Pinnularia  sp . ^  Synedra  ulna ,  and  Tabellaria  fenestrata 
were  subordinant  species. 


March  1969:  In  March  there  was  no  dominant  alga  at 


„ 


’ 


•tadma^oM  aniiua  .aadoJoO  ni  zbw  ti  narii  JnebnudB  (%•>  e*" 


' 


' 


92. 


station  #1.  However,  the  Chlorophyte  Scenedesmus  quadricauda , 
the  Cyanophyte  Lyngbya  limnetica ,  and  the  diatom  Synedra  ulna 
were  subordinant  species. 

April  1969:  April  was  characterized  by  a  slight  increase 
in  the  numbers  of  phytoplankton  at  station  #1.  The  Cyanophyte, 
Lyngbya  limnetica ,  was  the  dominant  species  while  the  diatom 
Synedra  ulna  was  the  main  sub-dominant  species.  Subordinant 
species  included  the  Chlorophytes  Dicty osphaerium  pulchellum , 
Elakothrix  gelatinosa,  Pedias  trum  boryanum ,  and  S cenedesmus 
quadrioauda . 

During  April  the  diatoms  of  station  #1  increased  in 
numbers,  where  Synedra  ulna  increased  from  127  to  405  cells/ml, 
Tabellaria  fenestrata  increased  from  27  to  87  cells/ml, 

Melosira  spp.  increased  from  0  to  82  cells/ml,  Fragilaria 
capucina  increased  from  0  to  103  cells/ml,  and  Asterionella 
formosa  increased  from  0  to  40  cells/ml. 

The  Chrysophyte,  Dinobryon  sertularia ,  increased  in 
numbers  from  0  to  543  cells/ml  at  station  #1.  This  species 
was  the  most  abundant  member  of  the  Chrysophyceae  during  the 
entire  study. 

May  1969:  During  May  the  dominant  phytoplankton  species 
at  station  #1  was  Dinobryon  sertularia  which  reached  its 
population  maximum  of  3384  cells/ml  on  May  13.  The  Cyanophyte, 
Lyngbya  limnetica,  was  a  sub-dominant  species  and  reached  a 
population  maximum  of  1360  cells/ml  on  May  20. 
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The  diatoms  played  an  important  role  in  the  phytoplank¬ 
ton  community  of  station  #1  during  May  and  continued  to 
increase  in  numbers  during  this  months  Tabellavta  fenestrata 
reached  a  population  maximum  of  140  cells/ml  (May  13)  while 
Synedra  ulna  reached  a  population  maximum  of  223  cells/ml 
(May  13).  On  May  6  Melosiva  spp .  increased  in  numbers  to 
116  cells/ml  and  decreased  in  numbers  throughout  the 
remainder  of  the  month.  As terionella  formosa  increased  in 
numbers  throughout  May  to  225  cells/ml  (May  27). 

Summary :  The  seasonal  succession  of  the  major  groups 

of  phytoplankton  and  the  percentage  distributions,  based  on 
average  of  numbers  of  units  per  month,  are  given  for  each 
group  in  Table  16  ,  p.  94. 

Throughout  the  study,  the  two  most  dominant  groups  of 
phytoplankton  at  station  #1  were  the  Diatomeae  and  the 
Cyanophyta.  Throughout  the  summer  and  early  autumn  the 
Cyanophyta  percentage  composition  increased  from  19.7%  (May) 
to  98.8%  (October).  This  increase  in  percentage  composition 
was  largely  due  to  a  gradual  increase  in  numbers  of  the 
Lyngbya  limnetioa  population.  The  Diatomeae  decreased 
throughout  the  summer  and  early  autumn  from  54.6%  (May  to 
0.2%  (October).  This  was  due  to  a  general  reduction  in  the 
number  of  cells  of  all  diatom  species,  but  especially  of 
Fragi  laria  aapuotnas  F.  orotonens'is 3  Melosira  spp .  _,  and 
Synedra  ulna . 

The  Chrysophyceae  had  a  greater  percentage  composition 
during  May  1968,  1969  than  in  any  other  month  due  to  a 
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PERCENTAGE  DISTRIBUTION  OF  THE  MAJOR  PHYTOPLANKTON  GROUPS  BASED 
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marked  increase  in  the  number  of  cells  of  Dinobryon 
sertularia  in  early  spring. 

Although  members  of  the  Euglenophyta  were  present  at 
station  #1,  they  comprised  a  very  insignificant  portion  of 
the  phytoplankton  community,  numerically. 

The  Pyrrhophyta  was  best  represented  in  July  and  August 
by  Ceratium  hirundinella  and  Feridinium  cinotum ,  but  they 
occurred  in  very  small  numbers  and  were  subordinant  species. 

The  Chlorophyta  composed  a  very  small  portion  of  the 
phytoplankton  community  on  a  per  cent  basis,  although  it 
was  well  represented  by  many  species  which  occurred  in  small 
numbers . 

The  total  phytoplankton  crop  increased  as  the  summer 
progressed  and  reached  a  maximum  of  47,824  cells/ml  in 
September ,  decreasing  through  the  autumn  and  winter  to  98 
cells/ml  (March) c  In  late-  winter  and  early  spring  the  total 
phytoplankton  crop  increased  to  4,417  cells/ml  (May  1969). 


Seasonal  Succession 
Station  #2 

May  1968:  The  codominant  phytoplankton  species  at 

station  #2  during  the  last  two  weeks  of  May  were  the  diatom 
Fragilaria  oapuoina  and  the  Chrysophyte  Dinobryon  sertularia . 
Fragi  laria  oapuoina  reached  a  population  maximum  of  4964 
cells/ml  (May  30)  while  Dinobryon  sertularia  had  a 
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population  maximum  of  3607  cells/ml  (May  22) .  The  diatoms 
Melosiva  spp.  and  Synedva  ulna  were  sub-dominant  species 
and  increased  in  numbers  during  the  last  two  weeks  of  May, 
from  559  to  968  cells/ml  and  from  88  to  225  cells/ml, 
respectively.  Tabellavia  fenestvata  reached  its  population 
maximum  of  382  cells/ml  at  station  #2  on  May  22  and  decreased 
in  numbers  as  the  month  progressed.  During  May,  Astevionella 
fovmosa  decreased  from  284  (May  22)  to  183  (May  30)  cells/ml. 

The  two  most  abundant  species  of  the  Cyanophyta  were 
Lyngbya  limnetioa  and  Coelosphaevium  naegelianum .  These  two 
species  were  sub-dominant  in  the  phytoplankton  community 
and  increased  in  numbers  to  2114  cells/ml  (May  30)  and 
1232  cells/ml  (May  30),  respectively. 

The  most  abundant  Chlorophyte  was  Pedias  tvum  bovyanum 
which  was  a  sub-dominant  species.  Scenedesmus  quadvieauda3 
Cvueigenia  quadvata3  and  Coelastvum  mievopovum  were  also 
present  as  subordinant  species. 

June  1968:  The  first  two  weeks  of  June  differed  from 
the  latter  part  of  May  in  that  Fvagilavia  capueina 3  Synedva 
ulna 3  and  Melosiva  spp .  greatly  decreased  in  numbers  (June 
11).  The  population  of  the  Chrysophyte,  Dinobvyon  sertularia , 
decreased  to  such  an  extent  that  it  became  a  subordinant 
species . 

The  last  two  weeks  of  June  at  station  #2  were  charact¬ 
erized  by  a  rapid  increase  in  the  number  of  cells  of 
Fragilaria  oapucina  (June  18).  Melosiva  spp .  reached  its 
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population  maximum  of  1190  cells/ml  on  June  18,  while 
Fragilaria  orotonensis  increased  from  109  to  769  cells/ml 
(June  26) .  The  diatom  As  terionella  formosa  was  abundant 
during  this  period  and  on  June  26  it  reached  its  population 
maximum  of  782  cells/ml.  During  June  the  population  of 
Lyngbya  limnetioa  decreased  to  151  cells/ml  while 
Coelosphaerium  naegelianum  increased  to  5440  cells/ml  (June 
26)  . 

In  summary,  the  first  two  weeks  of  June  at  station  #2 
were  characterized  by  Coelosphaerium  naegelianum  as  the 
dominant  phytoplankton  species,  while  Fragilaria  oapucina 
and  Gomphosphaeria  laoustris  var.  oompaota  were  sub -dominant 
species.  The  last  two  weeks  of  June  at  station  #2  showed 
Fragilaria  oapuoina  and  Coelosphaerium  naegelianum  to  be 
the  codominants  of  the  phytoplankton  community,  while 
Asterionella  formosa 3  Melosira  spp . }  Fragilaria  orotonensis , 
and  the  Chlorophyte  Pediastrum  boryanum  were  sub  -  dominants . 

July  1968:  The  codominant  species  at  station  #2 
during  the  first  two  weeks  of  July  were  Coelosphaerium 
naegelianum  and  Lyngbya  limnetioa ,  while  Fragilaria  oapuoina3 
Osoillatoria  amoena3  and  Gomphosphaeria  laoustris  var. 
oompaota  were  the  main  sub  -  dominants .  The  major  subordinant 
species  were  the  Chlorophytes  Pediastrum  boryanum3  Oooystis 
spp . ,  and  the  diatom  Asterionella  formosa. 

During  the  first  two  weeks  of  July,  the  population  of 
the  diatom  Fragilaria  oapucina  decreased  from  1791  (June  26) 
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to  429  cells/ml  (July  9).  On  July  9,  Dinobryon  sertularia 
increased  from  311  to  670  cells/ml  at  station  #2. 

The  dominant  species  at  station  #2  during  the  last  two 
weeks  of  July  was  the  Cyanophyte,  Lyngbya  limnetica,  while 
Coelosphaerium  naegelianum  and  Gomphosphaeria  lacustris  var. 
eompacta  were  the  major  sub-dominant  species.  Other  sub¬ 
dominant  species  were  the  diatoms  Fragilaria  oapucina 3  F. 
crotonensis3  Melosira  spp .  ,  and  the  Chlorophyte  Pediastrum 
bory anum . 

August  1968:  During  the  first  two  weeks  of  August  the 
dominant  phytoplankton  species  was  Lyngbya  limnetica ,  while 
the  sub-dominant  species  were  the  diatoms  Fragilaria  oapucina 3 
F.  crotonensis3  and  Melosira  spp, ,  The  Cyanophytes 
Coelosphaerium  naegelianum3  Aphanothece  nidulans ,  and 
Gomphosphaeria  lacustris  var.  eompacta  were  also  sub¬ 
dominants  . 

As  August  progressed,  station  #2  showed  a  distinct 
trend  toward  the  reduction  in  size  of  the  diatom  population, 
especially  of  Fragilaria  capucina3  F.  crotonensis 3  and 
Melosira  spp . .  However,  the  Cyanophyte  Lyngbya  limnetica 
increased  in  numbers  throughout  August  to  41,690  cells/ml 
while  the  Chlorophyte,  Crucigenia  quadrataf  increased 
from  0  to  138  cells/ml. 

September  1968:  The  dominant  phytoplankton  species 
at  station  #2  during  September  was  Lyngbya  limnetica .  The 
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sub  -  dominant  species  included  the  diatom  Melosira  spp.,  and 
the  Cyanophytes  Oscillatoria  amoena  and  Coelosphaerium 
naegelianum .  The  Chlorophytes  Pediastrum  boryanum  and 
Crucigenia  quadrata  were  also  sub-dominant  species. 

During  September,  the  population  of  Fragilaria  capucina 
and  of  F,  crotonensis  decreased  to  such  an  extent  that  they 
were  absent  at  station  #2  by  September  27.  The  diatom, 
Asterionella  formosa ,  exhibited  an  autumn  pulse  during  the 
last  week  of  September  which  reached  a  maximum  at  station  #2 
of  122  cells/ml. 

October  1968:  The  dominant  species  at  station  #2  was 
Lyngbya  limnetiea  and  this  species  reached  its  population 
maximum  of  67,368  cells/ml  on  October  12.  The  sub-dominant 
species  included  the  diatom  Melosira  spp .  and  the  Chlorophyte 
Crucigenia  quadrata .  The  Diatomeae  was  poorly  represented 
during  October  with  Asterionella  formosa  and  Melosira  spp » 
as  the  only  species  present. 

During  October,  the  Cyanophyte  Coelosphaerium  naegel¬ 
ianum  decreased  in  numbers  to  zero  and  was  absent  throughout 
the  remainder  of  autumn  and  during  the  winter. 

November  1968:  The  dominant  phytoplankton  species  at 
station  #2  in  November  was  Lyngbya  limnetiea .  The  Diatomeae 
was  represented  by  Melosira  spp .  and  Asterionella  formosa 
as  subordinant  species.  During  this  month  the  total 
phytoplankton  crop  decreased  from  57,984  to  21,529  cells/ml 
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at  station  #2. 

December  1968:  As  the  autumn  progressed  the  dominant 
species,  Lyngbya  limnetiea,  decreased  in  numbers  to  such  an 
extent  that  it  was  absent  at  station  #2  by  the  end  of 
December.  The  Chlorophytes  Crueigenia  quadvata 3  Dietyos- 
phaerium  pulehellum 3  Soenedesmus  quadrieauda ,  Pediastrum 
boryanum ,  and  the  diatom  As terionella  formosa  were  the 
subordinant  species  of  station  12. 

January  1969:  Vertical  sampling  through  the  ice 
indicated  a  complete  absence  of  phytoplankton  at  station 
#2  during  January. 

February  1969:  Vertical  sampling  through  the  ice 
indicated  a  complete  absence  of  phytoplankton  at  station 
#2  during  February. 

March  1969:  Under  the  ice  at  station  #2,  Lyngbya 
limnetiea  was  observed  growing  in  small  numbers  (151  cells/ml) 
but  no  other  phytoplankton  species  were  present. 

April  1969:  At  station  #2  on  April  9,  Oseillatovia 
amoena  was  found  growing  under  the  ice  along  with  Lyngbya 
limnetiea .  There  were  no  other  algae  present  under  the  ice. 

On  April  24,  the  ice  at  station  #2  broke  up  and  in 
comparison  to  the  phytoplankton  community  of  April  9,  a  distinct 
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difference  in  the  phytoplankton  community  was  observed  on 
April  2  8  .  The  diatoms  Meloslra  spp  *  3  Synedra  ulna3  and 
Tabellaria  fenes trata  had  increased  in  numbers  and  the 
Chrysophyte,  Dinobryon  sertularia ,  also  increased  in 
population  size  at  this  time . 

May  1969:  During  the  month  of  May  the  dominant  phyto¬ 
plankton  species  at  station  #2  was  Dinobryon  sertularia 
which  reached  its  population  maximum  of  4,868  cells/ml  on 
May  13.  The  Cyanophyte,  Lyngbya  limnetioa ,  was  a  sub- 
dominant  species  and  reached  a  population  maximum  of 
1,057  cells/ml  on  May  27, 

The  diatoms  played  an  important  part  in  the  phyto¬ 
plankton  community  of  station  #2  during  May  and  continued 
to  increase  in  numbers  during  this  month,  Tabellaria 
fenes trata  reached  a  population  maximum  of  384  cells/ml 
(May  13)  while  Synedra  ulna  reached  a  population  maximum 
of  268  cells/ml  (May  20).  On  May  20,  Melosira  spp .  increased 
in  numbers  to  111  cells/ml.  Asterionella  formosa  increased 
in  numbers  throughout  May  to  480  cells/ml  (May  20) . 

Summary :  The  seasonal  succession  of  the  major  groups 
of  phytoplankton  and  the  percentage  distributions,  based  on 
average  of  numbers  of  units  per  month,  are  given  for  each 

group  in  Table  17,  p.103. 

The  two  dominant  groups  of  phytoplankton  at  station 
#2  throughout  the  study  were  the  Diatomeae  and  the  Cyanophyta. 
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Throughout  the  summer  and  early  autumn  the  Cyanophyta 
percentage  composition  increased  from  4,6%  (May)  to  98.9% 
(December) .  This  increase  in  percentage  composition  was 
largely  due  to  the  gradual  increase  in  numbers  of  the 
Lyngbya  limnetioa  population.  The  Diatomeae  decreased 
throughout  the  summer  and  early  autumn  from  67.9%  (May)  to 
0%  (December) .  This  was  due  to  a  general  reduction  in  the 
number  of  cells  of  all  diatom  species,  especially  of 
Fvagilavia  oapuoina 3  F.  onotonensis 3  Melosira  spp.3  and 
Synedva  ulna . 

The  Chrysophyceae  had  a  greater  percentage  composition 
during  May  1968,  1969  than  in  any  other  month  due  to  a 
marked  increase  in  the  number  of  cells  of  Dinobry  on 
sertularia  in  early  spring. 

Although  members  of  the  Euglenophyta  were  present  at 
station  #2,  they  comprised  a  very  insignificant  portion  of 
the  phytoplankton  community,  numerically. 

The  Pyrrhophyta  was  best  represented  in  July  and 
August  by  Ceratium  hlr-undlnella  and  Penldlnium  oinotum, 
but  they  occurred  in  very  small  numbers  and  were  subordin- 
ant  species . 

The  Chlorophy ta  composed  a  very  small  portion  of  the 
phytoplankton  community  on  a  percentage  basis,  although 
it  was  well  represented  by  many  species  which  occurred  in 
small  numbers. 

The  total  phytoplankton  crop  increased  as  the  summer 
progressed  and  reached  a  maximum  of  74,568  cells/ml  in 
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PERCENTAGE  DISTRIBUTION  OF  THE  MAJOR  PHYTOPLANKTON  GROUPS  BASED 
ON  AVERAGE  MONTHLY  UNIT  NUMBERS  AT  STATION  #2,  WABAMUN  LAKE, 

MAY  1968  TO  MAY  1969. 
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September,  decreasing  through  the  autumn  and  winter  to 
0  cells/ml  (March) 0  In  late  winter  and  early  spring  the 
total  phytoplankton  crop  increased  to  4,742  cells/ml 
(May  1969) a 


10  5  o 


Fluctuation 


FIGURE  14 


in  the  total  phytoplankton  crop 


at  station  #1  and  station  #2?  May  1968  to  May  1969. 
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B.  Vertical  and  Horizontal  Distribution  of  the  Phytoplankton 


An  examination  of  the  quantitative  data  indicated  that 
on  each  sampling  date  the  majority  of  the  species  of  plankton 
algae  were  present  heterogeneously,  but  the  degree  of 
heterogeneity  varied  considerably  at  different  depths  and  at 
different  times. 

Dinobvyon  sevtularia  was  observed  in  greatest  numbers 
at  1  meter  below  the  surface  during  this  species'  vernal 
maximum  (May  13,  1969)  and  its  numbers  decreased  with 
increased  depth.  This  species  was  generally  most  abundant 
in  the  upper  two  meters. 

Lin  (1966)  reported  that  in  Astotin  Lake  Melosiva 
tended  to  be  a  "bottom  dweller"  when  the  summer  blooms 
occurred.  Observation  of  the  vertical  distribution  of 
Melosiva  spp.  at  station  #2  on  August  27  showed  that  this 
diatom  had  restricted  itself  to  the  lower  depths.  Calm 
conditions  resulted  in  the  uninterrupted  sinking  of  this 
diatom's  filamentous  colonies  which  accumulated  near  the 
bottom  of  the  lake. 

In  the  following  figures  the  vertical  distribution  of 
certain  species  on  selected  dates  may  be  observed: 
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In  comparing  the  phytoplankton  communities  of  the 
surface  meter  of  station  #1  and  station  #2  at  Wabamun  Lake, 
the  mathematical  expression  of  community  coefficient 
(Oosting  1956)  may  be  useful  in  detecting  similarities 
between  the  two  sampling  stations .  Kidd  (1964)  has  employed 
the  community  coefficient  in  studies  of  phytoplankton 
communities.  The  coefficient  is  calculated  by  using  the 
formula  (2 w/a+b) (100)  ,  where  w  is  the  sum  of  the  lowest  of 
each  pair  of  phytoplankton  counts  shared  in  common  between 
two  populations.  This  value  is  doubled  (2 w)  because  these 
species  are  shared  between  populations  a  and  b  to  the  level 
of  the  lowest  number,  and  the  value  for  an  a  and  b  population 
which  are  identical  should  be  1001.  The  two  populations 
being  compared  are  represented  by  a  and  b.  The  calculated 
coefficients  (%)  between  stations  for  specific  sampling 
dates  are  listed  in  Table  18  ,  p.117.  The  higher  the  value 
of  the  coefficient  the  greater  the  similarity  between  the 
two  sampling  stations.  Table  18,  p.117  shows  that  the 
community  coefficients  ranged  from  53.4%  (July  16)  to  92.9-6 


FIGURE  15 


The  vertical  distribution  of  the  diatom 
Asterionella  formosa  on  selected  dates  at  station 
#1  0 


FIGURE  16 

The  vertical  distribution  of  the  Chrysophyte 


Dinobryon  sertularia  on  selected  dates  at  station 

#1. 
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FIGURE  17 
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FIGURE  18 

The  vertical  distribution  of  the  Chrysophyte 
Dinobryon  sertularia  on  selected  dates  at 
station  #2. 
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FIGURE  19 

The  vertical  distribution  of  the  diatom 
Fragilaria  oapuoina  on  selected  dates  at 
station  #1. 


FIGURE  20 


The  vertical  distribution 
Lyngbya  limnetica  on  selected 


of  the  Cyanophyte 
dates  at  station 


#1. 
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FIGURE  21 

The  vertical  distribution  of  the  diatom 
Fvagilavia  aapuoina  on  selected  dates  at 
station  #2. 
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FIGURE  22 


The  vertical  distribution  of  the  Cyanophyte 


Lyngbya  limnetioa  on  selected  dates  at  station 

#  2  o 
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FIGURE  23 

The  vertical  distribution  of  the  diatom 
Melosiva  spp .  (mostly  M.  granulata )  on  selected 
dates  at  station  #1. 


FIGURE  24 

The  vertical  distribution  of  the  diatom 


Synedra  ulna  on  selected  dates  at  station 

#1. 
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FIGURE  25 

The  vertical  distribution  of  the  diatom 
Melosira  spp .  (mostly  M.  granulata )  on  selected 
dates  at  station  #2. 
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FIGURE  26 

The  vertical  distribution  of  the  diatom 
Synedra  ulna  on  selected  dates  at  station  #20 
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TABLE  19 

HORIZONTAL  DISTRIBUTION  OF  Lyngbya  limnetioa 

IN  WABAMUN  LAKE . 


August  6-7,  1968 


Depth:  1 


Cells/ml 


Station  #1  10876 

Station  #2  10725 

A  18126 

B  20543 

C  18881 

D  15407 

E  16918 

F  16918 


August  13,  1968 


Station  #1  16464 

Station  #2  16011 

G  21147 

H  28095 

I  19032 

j  18881 

K  21751 

L  24168 


August  20-21,  1968 

Station  #1 
Station  #2 
M 
N 
0 
P 


22808 

23564 

28548 

38367 

27189 

36403 


meter . 


✓ 
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1  ^  i 

STATISTICAL  ANALYSIS  OF  THE  HORIZONTAL  DISTRIBUTION 
OF  Lyngbya  limnetica  IN  WABAMUN  LAKE 
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(September  27) .  It  can  be  observed  that  as  the  dominant 
species  developed  in  maximum  numbers  the  phytoplankton 
communities  became  more  similar.  When  the  dominant  Lyngbya 
limnetioa  reached  its  autumnal  maximum  (September  27)  the 
community  coefficient  was  greatest.  The  horizontal  distri¬ 
bution  of  this  species  will  be  discussed  later,  but  data 
may  be  found  in  Table  19,  p.  118  and  Table  20,  p.  119. 

C.  Seasonal  Cycles 

On  the  basis  of  the  time  of  occurrence  of  each 
individual  species,  the  phytoplankton  are  categorized  into 
two  major  groups.  Those  species  of  plankton  algae  that 
were  present  in  the  phytoplankton  community  for  a  period 
shorter  than  four  weeks  are  referred  to  as  stenochronic 
(Gk.  stenos  -  narrow ;  Gk.  chronos  -  time;  hence ,  steno¬ 
chronic  =  narrow  range  of  occurrence  in  time ) ,  while  those 
species  that  were  present  for  a  period  of  time  that  exceeded 
four  consecutive  weeks  are  termed  eurychronic  (Gk.  euros  = 
broad  or  wide;  thus,  eurychronic  =  wide  range  of  occurrence 
in  time)  (Bozniak  1966)  . 

A  phytoplankton  species  may  exhibit  one  or  more  than 
one  pulse  during  the  course  of  its  annual  cycle.  A  species 
that  exhibits  one  maximum  per  year  is  termed  a  monacmic 
(L.  mono  =  one;  L.  acmae  =  peak),  while  species  with  two  or 
many  maxima  are  described  as  diacmic  or  potyacmic 
(Hutchinson  1957).  The  phy topi ankton  species  observed  at 
Wabamun  Lake  during  the  1968  to  1969  study  are  classified 
into  four  groups  and  are  presented  below.  Figure  27,  p.  122 
and  Figure  28,  p.  124  illustrate  the  seasonal  fluctuation 
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FIGURE  27 

The  population  changes  of  certain  species  of 
the  phytoplankton  community  in  the  surface  meter  at 
station  #1,  May  1968  to  May  1969 .  The  cube  root  of 
the  number  of  cells  per  milliliter  is  expressed  in 
millimeters . 
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TABLE  21 

Phytoplankton  of  the  surface  meter  at  station  #1 
of  Wabamun  Lake,  May  1968  to  May  1969.  Cell  counts  are 
expressed  as  the  number  of  cells  per  milliliter  (cells/ml) . 
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FIGURE  28 

The  population  changes  in  certain  species  of 
the  phytoplankton  community  in  the  surface  meter  at 
station  #2,  May  1968  to  May  1969.  The  cube  root  of 
the  number  of  cells  per  milliliter  is  expressed  in 


millimeters . 
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TABLE  22 

Phytoplankton  of  the  surface  meter  at  station  #2 
of  Wabamun  Lake,  May  1968  to  May  1969.  Cell  counts  are 
expressed  as  the  number  of  cells  per  milliliter  (cells/ml) , 
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at  station  #1  and  station  #2,  respectively.  Quantitative 
phytoplankton  data  may  be  found  in  Table  21,  p.  123  (station 
#1)  and  Table  22,  p.  125  (station  #2). 

1.  Stenochronic -Monacmic  Species 

Many  of  the  species  that  were  rarely  present  in  Wabamun 
Lake  showed  their  periodicities  in  this  pattern.  Examples 
of  species  that  exhibited  the  characteristics  of  this  group 
are:  As  teroooceus  limnetiaus ,  Chlamy domonas  globosa 3  Sphaero- 
cystis  sehroeteri _,  and  Ooey  stidium  ovale.  These  species 
occurred  for  a  period  of  less  than  four  weeks  and  their 
maxima  showed  very  small  population  numbers . 

2.  Eurychronic-Monacmic  Species 

This  type  of  periodicity  was  represented  by  Tabellaria 
fenestrata  (Figure  36,  p.  131)  and  Dinobryon  sertularia 
(Figure  30,  p.  128),  at  both  station  #1  and  station  #2  in 
early  spring,  1968,  1969.  Lyngbya  limnetioa  (Figure  33,  p.  130) 
also  showed  this  pattern  of  periodicity  and  reached  its 
population  maximum  in  autumn.  Synedra  ulna  (station  #2  only) 
exhibited  this  pattern  of  periodicity  during  its  vernal  maxi¬ 
mum  (Figure  35,  p.  131).  Diety osphaerium  pulohellum  belonged 
to  this  group  and  reached  its  maximum  during  August. 

3.  Eurychronic-Diacmic  Species 

Several  phytoplankton  species  showed  this  pattern  of 
periodicity.  Fvagilaria  oapuoina  (station  #2  only,  see  Figure  31, 
p.  129)  Synedra  ulna  (station  #1  only)  showed  this  type  of  periodic 
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while  the  same  species  at  the  other  station  did  not  exhibit 
the  same  type  of  periodicity.  Asterionella  formosa  (Figure  29, 
p.  128)  was  also  a  eurychronic- diacmic  species  and  exhibited 
a  major  vernal  population  maximum  in  June  and  a  minor  autumn¬ 
al  pulse  at  both  station  #1  and  station  #2.  Fragilaria 
crotonensis  showed  this  type  of  periodicity  pattern  during 
June  and  July,  but  the  intensity  of  both  of  these  pulses 
was  greater  at  station  #1  than  at  station  #2  (Figure  .32, 
p.  129). 

4.  Eurychronic-Polyacmic  Species 

The  phytoplankton  species  that  belong  to  this  group 
showed  more  than  two  pulses  during  their  annual  cycle. 
Fragilaria  oapuoina  (station  #1  only),  Melosira  spp .  and 
Osoillatoria  amoena  exhibited  this  particular  type  of 
periodicity . 

Melosira  spp .  (mostly  M.  granulata )  proved  to  have  a 
most  interesting  periodicity  in  Wabamun  Lake.  As  Figure 
34,  p.  130  indicates,  the  periodicity  of  Melosira  spp.  was 
quite  different  at  station  #1  from  that  of  station  #2.  At 
station  #1  during  May  (1968)  Melosira  exhibited  a  small 
pulse  of  452  cells/ml  and  then  decreased  in  numbers  in 
June  and  early  July.  However,  in  late  July  and  during 
August  Melosira  spp.  increased  to  a  population  maximum  of 
787  cells/ml  and  then  decreased  in  numbers  as  the  summer 
progressed.  At  station  #2  the  periodicity  of  Melosira  spp. 
was  almost  the  opposite  to  that  at  station  #1  in  that  two 
major  pulses  occurred  during  May  and  June  (968  cells/ml  and 


FIGURE  29 


The  periodicity  of  the  diatom  Asterionella  formosa 
in  the  surface  meter  of  station  #1  and  station  #2, 

May  1968  to  May  1969.  This  is  an  example  of  a  eurychronic- 
diacmic  species. 


FIGURE  30 

The  periodicity  of  the  Chrysophyte  Dinobry on 
sertularia  in  the  surface  meter  of  station  #1  and 
station  #2,  May  1968  to  May  1969.  This  is  an  example  of 
a  eurychronic-monacmic  species  with  a  vernal  maximum. 
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FIGURE  31 

The  periodicity  of  the  diatom  Fvagilavia  oupuoina , 
May  1968  to  May  1969.  At  station  #1  this  species  was 
eurychronic-polyacmic ,  while  at  station  #2  it  was 
eurychronic- diacmic. 


FIGURE  32 
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FIGURE  33 

The  periodicity  of  the  Cyanophyte  Lyngbya  limnetioa 
in  the  surface  meter  of  station  #1  and  station  #2,  May 
1968  to  May  1969.  This  is  an  example  of  a  eurychronic- 
monacmic  species  with  an  autumnal  maximum. 


FIGURE  34 

The  periodicity  of  Melosiva  spp .  (mostly  M,  granulata ) 
in  the  surface  meter  of  station  #1  and  station  #2,  May 
1968  to  May  1969.  This  is  an  example  of  a  eurychronic- 
polyacmic  species  which  exhibited  a  different  periodicity 
at  station  #1  than  at  station  #2. 
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FIGURE  35 

The  periodicity  of  the  diatom  Synedra  ulna  in  the 
surface  meter  of  station  #1  and  station  #2,  May  1968  to 
May  1969 o  At  station  #1  this  was  a  eurychronic-diacmic 
species,  while  at  station  #2  it  was  a  eurychronic-monacmic 
species  with  a  vernal  maximum. 


FIGURE  36 


The  periodicity  of 
in  the  surface  meter  of 
1968  to  May  1969.  This 


the  diatom  Tabellaria  fenestrata 
station  #1  and  station  #2,  May 
is  an  example  of  a  eurychronic- 


monacmic  species. 
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1,190  cells/ml,  respectively)  and  a  decline  in  numbers 
was  observed  in  early  July.  In  late  July  and  during  the 
first  two  weeks  of  August  the  population  of  this  species 
increased  again  (two  peaks)  so  as  to  closely  parallel  the 
periodicity  at  station  #1  at  this  time.  In  late  August 
both  sampling  stations  indicated  a  decrease  in  Melosira 
spp.t  but  during  September  station  #2  showed  a  marked 
increase  in  numbers  and  continued  this  trend  in  early 
October  whereas  station  #1  indicated  a  slight  population 
increase  during  early  September  which  was  followed  by  a 
steady  decrease  in  the  numbers  of  this  species  as  the 
autumn  progressed.  Both  station  #1  and  station  #2  had 
very  small  populations  of  Melosira  spp .  during  May,  1969. 
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FIGURE  37 

The  total  number  of  diatoms/ml  at  station  #1 
compared  with  the  silica  concentration,  May  1968  to 
May  1969  . 


FIGURE  38 

The  total  number  of  diatoms/ml  at  station  #2 
compared  with  the  silica  concentration,  May  1968  to 
May  1969. 
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DISCUSSION 

A.  Wabamun  Laker  Trophic  Lake  Type 

Carefoot  (1959  p.  39)  described  Wabamun  Lake  as  a 
"drainage  lake"  and  stated  that  it  "blooms  regularily"0  The 
data  presented  in  this  thesis  do  not  indicate  blooms  of  any 
kind  occurring  in  this  lake.  If  the  phytoplankton  data  for 
both  station  #1  (Table  21  ,  p.123)  and  station  #2  (Table  22 
p.125)  pre  consulted,  it  will  be  found  that  there  is  an 
absence  of  bloom  species  (e.g.,  Aphanizomenon  flos-aquae3 
Mioroeystis  spp . ,  Anabaena  spp .  and  some  species  of  Oscill- 
atoria) ,  or  that  they  occur  infrequently  in  small  numbers. 

One  could  be  led  to  the  conclusion  that  Wabamun  Lake  has 
changed  in  phytoplankton  composition  and  could  have,  at 
one  time,  bloomed  regularily.  However,  Carefoot  did  not 
mention  which  phytoplankton  species  bloomed  in  Wabamun  Lake. 

The  most  disconcerting  point  of  the  hypothesis  that 
Wabamun  Lake  has  ceased  to  bloom  is  that  it  is  not  in 
agreement  with  Rawson’s  (1956)  scheme  of  lake  eutrophication, 
where  blue-green  algal  blooms  are  characteristic  of  the  most 
eutrophic  conditions.  If  eutrophication  is  an  irreversible 
process,  then  it  would  be  very  unlikely  that  a  lake  could 
change  from  one  that  bloomed  to  a  non-blooming  lake  in  a 
ten  year  period. 

It  might  be  interesting  to  compare  the  phytoplankton 
species  composition  of  Wabamun.  Lake  reported  for  1959  to 
that  observed  during  this  study.  Of  the  six  Cyanophytes 
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observed  by  Carefoot  in  Wabamun  Lake,  Chrooooccus  limnetious 
and  Lyngbya  aestaurii  were  the  only  species  that  were  observed 
in  the  1968-1969  study  of  this  lake.  These  two  species  are 
not  considered  bloom  species.  Aphanizomenon  flos-aquae  was 
the  only  Cyanophyte  observed  by  Carefoot  which  is  known  for 
its  ability  to  bloom.  However,  this  alga  was  not  observed 
in  Wabamun  Lake  during  the  1968-1969  study.  The  diatom 
species  composition  of  Wabamun  Lake  in  1959  was  not  unlike 
that  of  1968-1969.  Astevionella  formosa ,  Melosira  granulata3 
and  Stephanodisous  niagarae  were  observed  by  both  Carefoot 
and  myself. 

In  determining  the  trophic  lake  type  of  Wabamun  Lake 
on  the  basis  of  phytoplankton  indicators,  it  should  be 
remembered  that  lakes  are  arbitrarily  classified  on  the 
basis  of  differences  in  the  quality  and  quantity  of  the 
plankton  algae.  Rawson  (1956)  has  applied  this  system  of 
lake  classification  in  studying  certain  lakes  of  western 
Canada . 

Oligotrophic  and  eutrophic  phytoplankton  have  been 
distinguished  by  limnologists  on  the  basis  of  quantity, 
variety,  vertical  distribution,  diurnal  migration,  water 
blooms  and  by  characteristic  algal  groups  and  genera. 
Oligotrophic  phytoplankton  are  generally  present  in  small 
numbers,  but  exhibit  a  wide  variety  of  species.  The  vertical 
distribution  of  these  phytoplankton  species  may  extend  to 
great  depths,  and  diurnal  migration  is  extensive.  Water 
blooms  are  very  rare.  The  Chlorophyceae  is  the  dominant 
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group  in  oligotrophic  lakes  (especially  desmids  in  calcareous 
environments,  e.g.  Staurastrum )  while  the  Diatomaceae  may  be 
represented  by  Tabellaria  and  Cy olotella ,  and  the  Chrysophyceae 
by  Dinobryon  (Rawson  1956  p.  19). 

0 

Eutrophic  phytoplankton  are  generally  present  in  large 
numbers,  but  exhibit  a  very  limited  variety  of  species.  The 
distribution  of  these  phytoplankton  species  is  confined  to 
the  relatively  thin  trophogenic  layer  and  diurnal  migration 
is  limited.  Water  blooms  are  very  frequent.  The  Cyano- 
phyceae  is  the  dominant  group  in  eutrophic  lakes  (especially 
Anabaena,  Aphani zomenon ,  and  Microcystis)  while  the  Diatom¬ 
aceae  is  comprised  of  species  of  Melosira 3  Fragilaria , 

St ephano discus  and  Asterionella  (Rawson  1956  p.  19). 

It  can  be  seen  that  the  species  composition  of  the 
phytoplankton  community  in  Wabamun  Lake  is  comprised  of 
species  that  do  not  fall  entirely  into  one  category  or  the 
other,  but  rather,  some  species  are  considered  to  be 
oligotrophic  indicators  and  others  are  considered  to  be 
eutrophic  indicators.  The  problem  of  whether  to  characterize 
plankton  algae  on  the  basis  of  number  of  species  present , 
regardless  of  abundance,  or  by  ecological  dominants  where 
phytoplankton  communities  are  classified  by  the  dominant 
species,  has  been  a  major  problem  in  recognizing  lake  types. 

Phytoplankton  quotients,  based  on  the  number  of  species 
present,  have  been  proposed  and,  aside  from  the  problem  of 
satisfactory  determination  of  the  number  of  species  present, 
provide  a  means  of  expressing  the  degree  of  species  dominance 
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of  desmids  in  oligotrophic  lakes  and  of  the  Chlor ococcales 
in  eutrophic  lakes .  Nygaard  (1949)  derived  the  following 
equation  to  obtain  a  compound  index: 

Myxophyceae  +  Chlorococcales  +  Centrales  +  Eugleniaceae 

pesm^^iaceae 

where  if  <1;  oligotrophy 

if  1-2.5;  mesotrophy  or  slight  eutrophy 
if  >2.5;  true  eutrophy. 

When  the  compound  index  was  applied  to  the  phytoplankton 
species  of  Wabamun  Lake  an  index  of  6.3  was  obtained  which 
indicated  true  eutrophy. 

Nygaard  also  proposed  a  diatom  quotient: 

Centrales 
Penn  ales" 

where  if  0-0.2;  oligotrophy 
if  0. 2-3.0;  eutrophy 

The  diatom  quotient  for  Wabamun  Lake  was  found  to  be  0.4 
which  also  indicated  true  eutrophy. 

In  the  two  quotients  mentioned  above,  the  abundance 
of  the  Centrales  is  considered  to  be  evidence  of  eutrophy. 
However,  it  should  be  mentioned  that  Foged  (1954)  found 
evidence  that  among  the  Centrales,  Cyolotella  pointed  to 
oligotrophy,  MeZosiva  indicated  eutrophy,  while  Stephano- 
disous  indicated  more  pronounced  eutrophication. 

The  characterization  of  phytoplankton  communities  by 
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ecological  dominants  is  another  approach  in  recognizing 
lake  types.  Rawson  (1956  p„  23  Table  4)  designated  the 
approximate  trophic  distribution  of  dominant  limnetic 
phytoplankton  in  lakes  of  western  Canada.  In  the  most 
oligotrophic  phytoplankton  communities  Asterionella  formosa 
was  found  to  be  dominant,  while  the  most  eutrophic  phyto¬ 
plankton  communities  Microcystis  flos-aquae  was  found  to 
be  dominant. 

When  considering  the  phytoplankton  community  of  Wabamun 
Lake,  a  discrepancy  exists  between  the  lake  type  obtained 
by  using  the  compound  index  (Nygaard  1949)  and  the  lake 
type  obtained  by  using  the  dominant  species  of  the  phyto¬ 
plankton  community  (Rawson  1956) .  According  to  the  compound 
index  Wabamun  Lake  is  very  eutrophic  while  Rawson* s  scheme 
appears  to  indicate  that  this  lake  is  mesotrophic-eutrophic . 

Since  the  compound  index  (Nygaard  1949)  is  quite 
general  and  is  based  on  the  total  number  of  species,  I 
prefer  the  scheme  proposed  by  Rawson  (1956)  since  it  takes 
into  consideration  that  the  dominant  phytoplankton  species 
change  seasonally.  Nygaard’s  compound  index  indicated  strong 
eutrophy  in  Wabamun  Lake  (i.e,,  2.5  shows  true  eutrophy, 
Wabamun  Lake  =6.3).  If  the  degree  of  eutrophication  were 
as  intense  as  the  compound  index  indicated,  one  should 
expect  blue-green  algal  blooms  (Rawson  1956).  No  algal 
blooms  have  been  observed  in  Wabamun  Lake  in  the  past  two 
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B.  Vertical  and  Horizontal  Distribution  of  the  Phytoplankton 

The  vertical  distribution  of  the  phytoplankton  is 
closely  associated  with  the  vertical  variation  in  water 
temperature  and  light  penetration  in  deep  temperate  lakes. 
Ruttner  (1963)  showed  that  99%  of  the  total  radiation  was 
absorbed  within  the  upper  10  meters  and  that  there  was  no 
appreciable  difference  in  temperature.  Lin  (1966)  proposed 
that,  theoretically,  the  investigation  of  the  vertical 
variation  of  phytoplankton  in  water  which  is  less  than  10 
meters  in  depth  is  meaningless  in  terms  of  the  effect  of 
solar  radiation  and  water  temperature.  Observation  of  the 
vertical  profiles  of  phytoplankton  populations  of  Wabamun 
Lake  strongly  support  Lin’s  ideas  on  this  topic. 

Light  intensity  data  for  station  #2  of  Wabamun  Lake 
(Table  10,  p.  69)  is  in  complete  agreement  with  that  of 
Ruttner  (1963)  for  Seneca  Lake  in  that  the  amount  of  light 
in  summer  at  10  meters  depth  is  less  than  1%  that  of  the 
surface.  However,  because  the  water  of  Wabamun  Lake  is 
continually  being  circulated  and  mixed  at  station  #2  the 
phytoplankton  are  not  receiving  a  constant  amount  of  light, 
but,  instead  they  receive  fluctuating  amounts  of  light  as 
they  are  moved  by  currents.  Theoretically,  the  phytoplank¬ 
ton  of  station  #1  should  enjoy  a  greater  light  penetration 
than  those  of  station  #2  since  station  #1  has  a  much  more 
shallow  bottom  (3  meters).  As  Table  5,  p.  54  indicates, 
this  is  not  the  case  and  consideration  will  be  given  to  this 
subject  later. 
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The  vertical  distribution  of  diatoms  is  closely 
correlated  with  the  sinking  rates  of  these  organisms.  The 
sinking  rate  of  a  diatom  species  is  related  to  its  density 
and  shape.  Lund  (1959)  found  that  Asterionella  formosa  sank 
at  a  slower  rate  than  the  more  linear,  Melosira  italioa  var. 
subarctioa.  However,  in  large,  shallow  lakes  such  as 
Wabamun  Lake,  turbulence  is  an  important  factor  and  results 
in  a  resuspension  of  these  organisms. 

In  summary,  the  vertical  distribution  of  the  phytoplank¬ 
ton  of  Wabamun  Lake  showed  that  the  phytoplankton  species 
composition  was  qualitatively  homogeneous  at  both  station 
#1  and  station  #2.  The  data  show  that  the  phytoplankton 
quantitatively  exhibited  a  heterogeneous  vertical  distribut¬ 
ion,  but  the  degree  of  heterogeneity  varied  considerably 
at  different  depths  and  at  different  times.  Wind  mixing 
of  the  water  at  both  stations  of  Wabamun  Lake  prevented 
pronounced  vertical  stratification  of  the  phytoplankton  for 
extended  periods  of  time.  Many  of  the  diatom  species  that 
would  likely  settle  out  were  found  to  be  dispersed  in  a 
relatively  uniform  manner  because  of  resuspension  through 
turbulence.  During  its  vernal  maximum  the  Chrysophyte 
Dinobryon  sertularia  was  observed  to  be  most  abundant  in 
the  upper  two  meters  where  light  intensity  was  the  greatest. 

The  heterogeneity  of  the  horizontal  distribution  of 
phytoplankton  has  induced  much  speculation  as  to  the  processes 
involved  in  such  a  phenomenon.  Patchiness  in  the  horizontal 
distribution  of  plankton  algae  has  been  observed  by  many 


■J 


EB  ioue  29 >UI  'WOllBrie  ,98TbI  nx  ,191  awoH  .»t>V*o*t&due 

>5Irji  ioi  bn  toIo  tn'SlToqmi  nr  ei.  sons  uc^  ul  r  Bdi  • 


nol^nBlqolxrf*! 


noilsle  rliod  16  2uo9n:>2omorf  yl9Vi iBlilsup  ebw  noil raoqraoo 


{Ii  ST  >bi«nOD  b  9  i  T  BY  '1 1  9fI9§  O  T  \K  9.1  to  99T^?  >  9/U 


, >  ;  :  '  ■  [q  .  '  ft  >  f  '  >  •  '•"'  - 


.  -  .  _  .  •  ■  1  f  • ;  i  .7 


' 


.laaltaia  s  1  2 BVf  vjj  en®lni  Idas!  oiadw  2T9l9in  owl  laqqti  aril 


i C  .LI  t  f  1  V  Li  5  r c  ;  ;  ) j  ■  *  - ;  .  1 0 


, 


■ 


. 


k  .. 


141. 


limnologi s ts  and  has  been  attributed  to  various  factors. 
Tonolli  (1949)  showed  that  even  differences  in  environmental 
conditions  that  are  slight,  and  at  times  are  not  even 
measurable,  can  be  effective  biologically  and  lead  to 
irregularities  in  the  distribution  of  the  phytoplankton. 
Ruttner  (1963)  and  Bozniak  (1966)  considered  the  shape  and 
contour  of  the  lake  to  be  important,  especially  in  those 
lakes  with  a  shallow  and  irregular  basin  where  lasting  differ 
ences  can  be  produced  in  isolated  portions.  In  lakes  where 
blue-green  algal  blooms  occur,  horizontal  variation  may  be 
due  to  the  effects  of  wind  (Bozniak  1966,  Lin  1968).  Other 
limnologists  consider  the  horizontal  distribution  of  the 
phytoplankton  to  be  related  to  grazing  by  zooplankton. 

A  study  of  the  horizontal  distribution  of  the  phytoplank 
ton  of  Wabamun  Lake  on  August  6-7  revealed  that  a  wide 
variation  existed  in  the  distribution  of  these  organisms. 

When  the  populations  at  station  #1  and  station  #2  of  the 
dominant  non-motile  Cyanophyte,  Lyngbya  limnetioa ,  were 
compared  by  chi-square,  no  significant  difference  was  found 
to  have  existed  between  the  two  populations  of  this  species. 
This  might  lead  one  to  conclude  that  the  horizontal  distri¬ 
bution  of  this  species  was  somewhat  uniform  throughout  the 
lake  and  that  there  was  very  little  regional  variation  in 
the  distribution  of  this  species.  However,  this  conclusion 
would  be  incorrect,  for  as  Table  19,  p.H8and  Figure  3 
p . 4 7  indicate,  the  number  of  cells  of  this  species  at  other 
locations  varied  considerably  from  that  of  station  #1  and 
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#2.  Table  20  ,  p.  119  demons  trates  the  degree  of 
similarity  between  the  populations  of  these  sampling 
locations  by  means  of  chi-square  for  homogeneity.  It  can 
be  seen  that  one  must  be  cautious  in  drawing  conclusions 
for  a  whole  lake  from  the  data  obtained  from  two  sampling 
stations.  As  was  observed  in  the  case  of  Lyngbya  limnetiea, 
the  size  of  the  population  of  a  species  may  be  quite  differ¬ 
ent  in  various  regions  of  a  lake  even  though  the  two 
permanent  sampling  stations  may  have  this  species  in  almost 
equal  abundance.  Similar  results  indicating  the  hetero¬ 
geneity  of  phytoplankton  have  been  obtained  by  Stange-Bursche 
(1963)  for  a  lake  near  Berlin  in  which  obvious  fluctuations 
in  the  horizontal  density  of  non-motile  algae  were  observed, 
even  though  the  phytoplankton  species  composition  was  qual¬ 
itatively  homogeneous. 

Kangas  (1964)  proposed  that  differences  in  the 
horizontal  distribution  of  phytoplankton  were  caused  by 
"the  harmful  effect  of  shallow  water,  due  either  to  prevent¬ 
ion  of  the  natural  amplitude  of  the  active  movement  of 
plankton  or  to  alteration  of  the  optimal  depth  of  assimila¬ 
tion  and  reproduction".  Stange-Bursche  (1963)  found  that  no 
correlation  existed  between  the  horizontal  distribution  of 
the  phytoplankton,  temperature  and  water  currents,  although 
it  was  shown  that  between  1  and  5  meters  depth  the  direction 
and  velocity  of  the  currents  may  be  remarkably  different. 

An  explanation  of  the  irregular  horizontal  distribution 
of  the  phytoplankton  of  Wabamun  Lake  is  not  apparent.  No 


' 

to  str  gob  exit  codi>r  ^nomab  G  r  I  q  ,  ’IS  ;.idB.T 

. 

t:v  i  ’-'.b!  o  too  >rtiw  ill-  n  aooidu^o  ed  J8i-.v.  9  io„  sdd  ivove  od 
gnilqm&a  owl  mo#' i  baruBddo  Bdfib  add  moil  9?IbX  aiodw  b  ro 
*$>««>$  »v  Sv  -o  92B3  add  ax,  bovioedo  sbw  zA 


. 

-bJ  r  •*  ?.s  ;  o.  dlqob  iBmidqo  add  do  nolle: -11b  ol  c  nod  •  its '  c 

■ 

,  "noidrouboiqsi  on  >  no xl 


a 


143. 


conclusive  statement  can  be  made  as  to  what  factors  are 
involved  in  this  phenomenon  since  environmental  data  is 
limited. 


C.  Seasonal  Cycles 

Pearsall  (1932)  pointed  out  that  the  population  of 
diatom  Asterionella  formosa  developed  best  in  waters  rich  in 
nitrates,  phosphates,  and  silica.  He  found  that  a  substant¬ 
ial  increase  in  the  population  of  this  diatom  did  not  take 
place  if  the  silica  concentration  was  below  0.5  ppm  and  that 
the  lower  limit  of  phosphate  was  .002  ppm.  On  June  26,  1968 
a  vernal  pulse  of  Asterionella  formosa  occurred  in  Wabamun 
Lake  and  reached  a  maximum  of  575  cells/ml  at  station  #1  and 
a  maximum  of  782  cells/ml  at  station  #2.  The  silica  concentra¬ 
tion  at  station  #1  was  2.9  ppm  while  at  station  #2  the 
concentration  was  2.5  ppm.  The  ortho-phosphate  concentration 
was  .21  ppm  and  .38  ppm  at  station  #1  and  station  #2,  respect¬ 
ively.  It  can  be  seen  that  the  concentration  of  both  silica 
and  phosphate  phosphorus  were  well  above  the  lower  limits 
proposed  by  Pearsall  (1932).  However,  contrary  to  Pearsall’s 
conclusions  regarding  the  necessity  of  nitrates  for  an 
Asterionella  formosa  population  maximum,  this  species  obtained 
spring  and  autumn  maxima  when  the  nitrate  concentration  was 
zero . 

Pearsall  (1930,  1932)  considered  Asterionella  formosa 
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to  require  a  higher  nutrient  level  than  Tabellaria  fenestrata 
and  for  this  reason  the  former  showed  a  vernal  population 
maximum  before  the  latter.  However,  at  both  sampling  stations 
of  Wabamun  Lake  the  population  maximum  of  Tabellaria  fenest¬ 
rata  preceded  that  of  Asterionella  formosa,  contrary  to  the 
observations  of  Pearsall. 

The  decline  of  a  diatom  population  may  be  due  to  several 
factors.  One  of  the  more  important  environmental  factors 
that  may  become  limiting  to  diatom  populations  is  the  amount 
of  available  nutrients  in  solution,  but  few  conclusive  data 
concerning  the  result  of  nutrient  deficiency  have  been 
obtained.  Pearsall  (1932)  ,  Lund  (1959)  and  Jorgensen  (1957) 
considered  the  close  of  the  spring  maxima  for  diatoms  to  be 
caused  by  the  silica  deficiency  of  the  water.  Rodhe  (1948) 
and  Golterman  (1960)  reported  that  the  combination  of  strong 
light  and  high  water  temperature  is  a  factor  in  decreasing 
the  numbers  of  diatoms.  During  the  spring  and  summer  of 
1968,  the  silica  content  of  Wabamun  Lake  never  became 
exhausted,  although  the  concentration  dropped  as  low  as  1.4 
ppm.  Because  there  was  a  decrease  in  the  silica  concentration 
during  May  and  an  increase  in  water  temperature  in  June,  it 
may  be  concluded  that  these  two  factors  were  chiefly  respon¬ 
sible  for  the  decline  of  the  diatom  spring  maxima,  especially 
of  Fragilaria  oapuoina ,  Asterionella  formosa ,  and  Tabellaria 
fenestrata  in  the  spring  of  1968. 

The  seasonal  cycle  of  diatoms  and  the  recycling  of 
dissolved  silica  in  a  lake  are  closely  associated  (see 
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Literature  Review  p.  15).  A  negative  correlation  between 
the  silica  concentration  and  diatom  periodicity  has  been 
shown  by  Pearsall  (1932)  ,  Hutchinson  (1944)  ,  Rodhe  (1948) 
and  by  Lund  (1950),  Figures  37  and  38  ,  p.133  show  the 
negative  relationship  between  the  total  number  of  diatoms/ml 
and  the  silica  concentration  at  station  #1  and  station  #2 
of  Wabamun  Lake.  Although  it  has  been  reported  that  95% 
of  the  silica  incorporated  in  diatoms  was  dissolved  within 
six  months  (Grill  and  Richards  1964),  the  availability  of  the 
soluable  silica  in  the  surface  water  is  dependent  upon  the 
depth  of  the  water.  It  has  been  reported  that  in  shallow 
lakes  soluable  silica  appeared  in  great  quantity  only  a  few 
weeks  after  the  maximum  of  planktonic  diatoms  (Jorgensen 
1957)-.  In  Wabamun  Lake  the  silica  concentration  increased 
from  1.4  ppm  to  2.5  ppm  within  a  two  week  period  (July  9-16) 
at  station  #2.  However,  the  availability  of  a  greater 
concentration  of  dissolved  silica  did  not  cause  a  noticeable 
increase  in  the  number  of  planktonic  diatoms.  The  develop¬ 
ment  of  large  populations  of  planktonic  diatoms  during  the 
late  summer  may  be  impeded  by  high  water  temperature. 

As  might  be  expected,  a  diatom  pulse  should  have 
reappeared  in  the  autumn  when  the  water  temperature  decreased. 
However,  AstevioneHa  formosa  was  the  only  planktonic  diatom 
to  exhibit  an  autumnal  pulse.  The  population  of  this  species 
on  September  27  at  station  #1  increased  to  451  cells/ml 
while  at  station  #2  the  same  species  reached  a  maximum  of  only 
122  cells/ml.  This  difference  in  the  number  of  cells  of 
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Astevionella  formosa  present  at  each  station  is  most  likely 
the  result  of  differences  in  the  amount  of  soluable  silica. 
Station  #1  had  3©0  ppm  of  silica,  while  station  #2  had  only 
2.5  ppm. 

The  pattern  of  seasonal  development  of  phytoplankton  in 
many  temperate  lakes  is,  basically,  maxima  in  the  spring  and 
the  autumn  and  minima  in  the  early  summer  and  winter.  In 
deeper  temperate  lakes,  following  the  spring  maximum,  there 
is  normally  a  period  of  two  months  when  the  standing  crop 
(i.e.  total  phytoplankton  crop)  of  phytoplankton  remains  at 
a  relatively  low  and  steady  level  (Fogg  1965).  The  low  level 
of  the  phytoplankton  standing  crop  is  attributed  to  the  deple¬ 
tion  of  nutrients  from  the  euphotic  zone  by  the  sedimentation 
of  the  greater  part  of  the  cells  produced  in  the  spring  maxi¬ 
mum,  and  thermal  stratification  stabilizing  the  water  column 
so  that  there  is  no  nutrient  replenishment  by  mixing  from 
the  hypolimnion.  In  shallow  lakes  such  as  Wabamun  Lake, 
phytoplankton  periodicity  is  quite  different  to  that  of 
deep  waters  in  that  there  is  constant  circulation  of  the 
whole  water  column  which  prevents  the  nutrients  from  being 
idled  by  sedimentation  and  the  regeneration  of  nutrients 
from  dead  algal  cells  is  a  concurrent  process. 

The  occurrence  of  Dinobry  on  sertularia  in  Wabamun  Lake 
was  observed  at  both  stations  and  reached  its  vernal  maximum 
during  May  of  1968  and  May  1969.  Pearsall  (1932)  noticed 
that  the  maximum  of  Dinobry on  divergens  occurred  when  the 
Si02  of  the  water  fell  below  0.5  ppm.  However,  in  Wabamun 
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Lake,  Dinobryon  sertularia  occurred  in  maximal  numbers 
during  1968  when  the  silica  concentration  ranged  from  4.3 
to  4.5  ppm  and  in  1969  it  occurred  when  the  silica  concen¬ 
tration  ranged  from  2.8  to  4.0  ppm.  These  values  exceeded 
Pearsall's  critical  limit  of  0,5  ppm  and  also  the  Dinobryon 
divergens  optimum  of  1.45  ppm  at  Muir  Lake  (Bozniak  1966). 
However,  the  silica  concentration  range  observed  in  Wabamun 
Lake  for  a  maximum  Dinobryon  sertularia  population  was 
somewhat  similar  to  that  for  Astotin  Lake,  3.5  to  7.0  ppm 
(Lin  1968) .  The  range  of  silica  concentration  for  optimal 
Dinobry on  sertularia  population  growth  varied  so  greatly 
from  year  to  year  during  this  study  that  I  would  agree  with 
Hutchinson  (1944)  in  stating  that  the  occurrence  of  Dinobry  on 
is  independent  of  variations  in  soluable  silicate. 

Other  ecological  studies  involving  Dinobry  on  sertularia 
have  indicated  that  an  increase  in  the  phosphate  phosphorus 
concentration  results  in  a  decrease  in  the  numbers  of  this 
species.  Bamforth  (1958)  found  that  a  sudden  decrease  in 
the  numbers  of  Dinobryon  sertularia  coincided  with  a  rise 
in  the  phosphate  phosphorus  concentration  from  2  to  6  yg/1 
and  thus  this  species  was  absent  in  the  summer  when  the 
phosphate  concentration  was  high.  Rodhe's  (1948)  experiments 
on  Dinobryon  divergens  indicated  a  similar  response,  where 
inhibition  of  this  species  occurred  when  the  phosphate  phos¬ 
phorus  concentration  rose  to  0.005  ppm.  However,  in  Wabamun 
Lake  Dinobryon  sertularia  occurred  in  maximal  numbers  when 
the  phosphate  phosphorus  concentration  ranged  from  .04  to 
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1.5  ppm.  The  Dinobryon  divergens  population  maximum  at  Muir 
Lake  was  initiated  when  the  phosphate  concentration  rose  from 
nil  to  near  0.3  ppm  (Bozniak  1966). 

Pearsall  (1932)  found  that  a  drop  in  the  level  of 
calcium  favoured  Dinobryon  divergens .  However,  Tucker  (1957) 
and  Bozniak  (1966)  found  that  a  rise  in  the  level  of  bicarb¬ 
onates  accompanied  a  rise  in  the  numbers  of  this  species. 

Tucker  (1957)  suggested  that  a  change  in  the  level  of 
bicarbonates  is  indicative  of  similar  changes  in  the  calcium 
concentration.  If  variation  in  bicarbonates  can  be  used  as 
an  indication  of  variations  in  the  amount  of  calcium  present 
in  the  water,  it  was  observed  that  the  number  of  cells/ml  of 
Dinobryon  sertularia  decreased  as  the  bicarbonate  concentra¬ 
tion  increased  at  station  #1  and  station  #2,  May  1968.  These 
results  are  in  agreement  with  those  of  Pearsall  (1932) . 

However,  the  reverse  situation  (i.e.,  an  increase  in  the  number 
of  cells/ml  of  Dinobryon  sertularia  with  an  increase  in 
bicarbonates)  was  observed  at  station  #1,  May  1969,  while 
a  clear  correlation  between  this  species  and  bicarbonates 
could  not  be  seen  at  station  #2  during  May  of  the  same  year. 
Since  both  a  positive  and  a  negative  correlation  between 
Dinobryon  sertularia  and  bicarbonates  was  observed  in 
Wabamun  Lake,  no  conclusive  statement  can  be  made  as  to  the 
role  of  calcium  (i.e.,  bicarbonates)  in  the  ecology  of  this 
species  in  Wabamun  Lake. 

It  should  be  mentioned  that  during  May,  1968,  Dinobryon 
sertularia  occurred  as  a  codominant  with  the  diatom  Fragilaria 
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oapuoina ,  but  during  May  1969  Fragilaria  oapuoina  was  not 
present  and  Dinobryon  sertularia  was  the  dominant  phyto¬ 
plankton  species.  It  would  appear  that  inter-specific 
competition  for  silica  in  solution  resulted  in  the  exclusion 
of  Fragilaria  oapuoina  from  the  phytoplankton  community, 
since  there  was  less  silica  during  the  Dinobry  on  sertularia 
maximum  in  May  1969  (2.8  to  4.0  ppm)  than  during  that  of 
May  1968  (4.3  to  4.5  ppm).  Very  little  is  known  about  the 
silica  requirement  of  the  diatom  Fragilaria  oapuoina ,  but 
this  element  is  definitely  a  requirement  of  Dinobry on. 

Silica  is  not  only  incorporated  in  the  lorica  (envelope)  of 
Dinobryon,  but  also  in  its  spores  (Lund  1965b).  Hutchinson 
(1944)  concluded  that  in  Dinobry  on  diver  gens  the  incidence 
of  the  maximum  of  this  species  is  probably  determined  by 
biotic,  rather  than  physico-chemical,  factors.  "It  is 
suggested  that  the  major  factor  determining  the  incidence 
of  Dinobryon  maxima  is  the  variation  in  the  total  population 
of  other  species,  but  the  mechanism  of  this  relation  is 
obscure"  (Hutchinson  1944) . 

One  problem  that  has  interested  phycologists  for  many 
years  is  the  manner  in  which  phytoplankton  overwinter. 

Lund  (1965a)  has  divided  plankton  algae  into  three  groups 
on  the  basis  of  perennation  (see  Literature  Review  p.  21). 
Studies  have  shown  that  the  spring  phytoplankton  maximum 
starts  from  a  small  initial  number  of  cells  after  spring 
turnover.  Those  populations  that  are  initiated  from  cells 
that  are  already  in  the  water  are  described  as  holoplanktonic , 
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while  those  populations  that  are  initiated  from  cells  of  a 
species  in  the  resting  stage  on  the  bottom  deposits  and  are 
absent  in  the  water  are  referred  to  as  meroplanktonic  (Fogg 
1965).  Asterionella  formosa,  Fragilaria  spp .  s  Melosira  spp., 
and  Tabellaria  spp .  are  considered  to  be  holoplanktonic , 
while  Dinobryon  spp .  is  an  excellent  example  of  a  meroplank¬ 
tonic  species . 

Guseva  (1947)  pointed  out  that  the  forms  predominating 
at  the  beginning  of  the  spring  period  of  increase,  after  the 
winter  minimum,  are  usually  those  without  known  resting 
stages.  This  phenomenon  is  true  for  temperate  lakes  in 
general  and  is  explained  by  the  fact  that  the  forms  which 
overwinter  as  spores  appear  later  in  the  year  because  of  the 
time  needed  to  reach  the  stage  at  which  germination  is 
possible.  For  this  reason  the  Dinobryon  maximum  in  most 
lakes  usually  does  not  occur  until  after  the  decline  of  the 
diatom  maximum  (Hutchinson  1955)  ,  although  the  Dinobry on 
maximum  has  been  known  to  occur  simultaneously  with  that  of 
diatoms.  Bozniak  (1966)  found  that  Dinobryon  divergens  in 
Muir  Lake  reached  its  population  maximum  at  the  same  time 
as  the  maximum  for  the  diatom  Synedra  ulna .  Similar  results 
were  obtained  at  Wabamun  Lake  where  Dinobryon  sertularia 
was  present  in  maximal  numbers  at  the  same  time  as  the 
maximum  of  the  diatom  Tabellaria  fenestrata . 

Those  species  of  phytoplankton  that  have  no  known 
resting  stage  survive  the  winter  in  small  numbers  on  the 
bottom  sediments  and  increase  in  numbers  in  early  spring 
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under  optimal  light,  temperature,  and  nutritional  conditions. 
During  the  winter  months,  healthy  cells  of  Melosiva  granulata , 
Fragilaria  oapuoina 3  and  Synedra  ulna  were  observed  in  sparse 
numbers  at  both  station  #1  and  station  #2  of  Wabamun  Lake. 

It  may  be  that  these  species,  especially  Melosiva  granulata , 
enter  a  ’’physiological”  resting  stage  (Nipkow  1950  ,  Lund  1954, 
Guseva  and  Il’inskii  1959). 

It  was  thought  that  during  the  winter  months  station  #1 
might  maintain  an  active  phytoplankton  community  due  to  the 
absence  of  ice  and  snow  cover.  However,  the  phytoplankton 
community  was  very  minute  in  numbers  during  the  winter 
months  at  this  station  since  the  temperature  of  the  water 
under  the  heated  surface  water  was  most  likely  too  cold  for 
mos t  species . 

Fragilaria  oapuoina 3  F.  orotonensis  3  and  Melosiva  spp . 
(mostly  M.  granulata)  appeared  in  abundance  in  Wabamun  Lake 
during  the  spring  and  summer  of  1968,  but  reappeared  only  in 
sparse  numbers  during  spring  1969.  Since  these  species  do 
not  produce  resting  spores  (Lund  1965a)  the  failure  to 
reappear  in  the  same  abundance  as  in  the  previous  years 
cannot  be  attributed  to  the  loss  of  spore  vitality.  Appar¬ 
ently  it  is  the  nature  of  some  phytoplankton  not  to  reappear 
each  year.  Bethge  (Round  1965  p.  74)  studied  the  plankton 
algae  of  a  small  pond  in  Berlin  from  1929  to  1944  and 
presented  comprehensive  data  on  phytoplankton  seasonal  and 
year  to  year  occurrences.  Evidence  was  given  for  the 
occurrence  of  certain  algal  species  every  year  and  of  certain 
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species  which  were  absent  some  years  and  present  in  others. 

The  continuation  of  studies  on  the  ecology  of  the  phytoplank¬ 
ton  of  Wabamun  Lake  may  reveal  more  information  as  to  the 
periodicity  of  Fvagilavia  and  Melosiva. 

Although  very  little  is  known  of  the  ecology  of  Lyngbya 
limnetica,  Findenegg  (Hutchinson  1967  p.  408,  442)  considered 
this  species  to  be  an  autumnal,  warm-water  shade  species 
found  in  oligotrophic  lakes.  The  data  for  Wabamun  Lake  is 
in  agreement  with  Findenegg’s  conclusions  in  that  this  species 
was  found  to  be  most  abundant  during  late  September  and  early 
October  when  the  water  at  both  stations  was  relatively  warm 
(but  not  as  warm  as  in  August) .  However,  the  trophic  lake 
type  of  Wabamun  Lake  (mesotrophic-eutrophic)  is  certainly 
not  similar  to  that  of  the  lakes  in  which  Findenegg  found 
this  species . 

One  might  inquire  as  to  why  Lyngbya  limnetica  was  not 
considered  to  be  a  bloom  species.  It  most  definitely  reached 
an  astronomically  high  population  maximum  in  September  and 
October  and,  on  this  basis  alone,  might  have  been  considered 
as  a  bloom  forming  blue-green  alga.  However,  because  this 
species  increased  in  numbers  over  a  long  period  of  time, 
Lyngbya  limnetica  was  not  considered  as  a  bloom  species. 
Usually  water  blooms  are  immediately  followed  by  an  oxygen 
depletion,  but  this  was  not  the  case  with  the  development 
of  the  population  maximum  of  Lyngbya  limnetica  in  Wabamun 
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D.  The  Effect  of  the  Heated  Effluent  on  the  Phytoplankton 
Community 

In  designing  this  phytoplankton  study  of  Wabamun  Lake, 
the  hypothesis  that  there  would  be  no  difference  between  the 
phytoplankton  community  of  the  heated  zone  (station#l)  and 
that  of  a  remote,  unaffected  zone  (station  #2)  was  proposed. 
When  the  total  phytoplankton  crop  for  each  station  was 
plotted  graphically  at  the  completion  of  the  study,  certain 
trends  were  evident  (Figure  14, p. 105).  A  similarity  was 
noticed  between  the  total  phytoplankton  crop  of  station  #1 
and  that  of  station  #2  during  May  1968  and  May  1969.  Not 
only  were  the  values  between  stations  similar,  but  so  were 
the  values  for  each  station  from  one  year  to  the  next.  How¬ 
ever,  as  the  summer  progressed  station  #2  developed  a  much 
larger  total  phytoplankton  crop  than  station  #1.  Both 
stations  had  a  maximum  total  phytoplankton  crop  during 
August,  but  station  #2  had  almost  33%  more  cells/ml  than 
station  #1.  During  the  winter  months  there  was  quite  a 
difference  in  the  total  phytoplankton  crop  between  stations. 
Station  #1  showed  a  gradual  decline  in  the  total  number  of 
cells/ml  throughout  the  winter  months  while  station  #2, 
enclosed  under  snow-covered  ice,  had  practically  no  phyto¬ 
plankton  until  the  break-up  of  the  ice  on  April  24. 

Station  #1  and  station  #2  differed  physically  in  that 
station  #1  was  three  meters  in  depth  while  station  # 2 
was  ten  meters  in  depth.  Chemical  analysis  of  the  bottom 
sediments  (Table  8,  p.  61)  indicated  that  the  deposits 
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of  station  #1  exhibited  a  lower  amount  of  available  nitrogen, 
phosphorus,  and  potassium.  The  outstanding  difference  between 
the  two  permanent  sampling  stations  lay  in  the  fact  that  the 
sediments  of  station  #1  supported  a  large  standing  crop  of 
submersed  aquatic  vascular  plants  which  may  account  for  the 
reduction  of  available  nutrients,  while  station  #2  did  not 
have  submersed  vegetation.  Visual  observation  revealed  that 
these  plants  grew  toward  the  water’s  surface  in  May  and 
during  June  they  formed  a  dense  vegetational  mat.  This 
condition  increased  in  intensity  as  the  summer  progressed. 

In  November  when  the  air  temperature  became  colder,  these 
surface  mats  died  and  the  plants  resumed  their  metabolic 
activities  at  a  lower  depth. 

The  description  of  the  pattern  of  growth  of  the  sub¬ 
mersed  aquatic  vascular  plants  of  station  #1  has  been  given 
as  an  introduction  to  the  explanation  of  the  discrepancy  in 
the  total  phytoplankton  crop  between  station  #1  and  station 
#2  which  increased  in  intensity  as  the  summer  progressed. 

One  of  the  more  dynamic  aspects  of  ecology  is  the  inter¬ 
relationships  of  organisms  and  competition.  At  station  #1 
competition  existed  between  the  submersed  vascular  plants  and 
the  phytoplankton  community  for  solar  radiation  and  nutrients. 
As  the  summer  progressed,  the  competition  increased  as  the  sub¬ 
mersed  plants  grew  denser  at  the  surface  of  the  water  and 
reduced  light  penetration  (see  Plates  VII  and  VII,  p.  155). 
Table  5,  p.  54  and  Table  10,  p.  69  present  data  that 
demonstrates  the  effect  aquatic  vegetation  has  on  the 
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PLATE  VII 

View  of  the  Calgary  Power  Ltd.  plant.  In  the 
foreground  the  dense  submersed  aquatic  vegetation  may 
be  observed.  Photograph  taken  by  R.  Egedahl. 


PLATE  VIII 

A  mixed  array  of  species  of  submersed  aquatic 
vascular  plants  forming  a  dense  mat  at  the  water’s 
surface  at  station  #1.  Photograph  taken  by  R.  Egedahl. 
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penetration  of  light  at  station  #1.  At  station  #2  in  early 
July  the  light  intensity  dropped  from  4000  to  1500  foot- 
candles  (63 %  reduction)  from  the  surface  to  a  depth  of  1 
meter.  At  station  #1,  on  the  same  day,  the  light  intensity 
dropped  from  2000  to  400  foot-candles  (80%  reduction)  from 
the  surface  to  a  depth  of  1  meter.  These  data  indicate  that 
station  #2  received  much  more  solar  radiation  than  station  #1. 

Hasler  and  Jones  (1949)  demonstrated  the  antagonistic 
effect  the  presence  of  submersed  aquatic  vegetation  had  on 
algae  while  Jorgensen  (1957)  observed  that  epiphytic  diatoms 
were  directly  antagonistic  to  the  development  of  the  phyto¬ 
plankton  community.  It  is  most  likely  that  the  benthic 
biota  plays  an  important  role  in  the  ecology  of  the  phyto¬ 
plankton  through  competition. 

It  has  been  assumed  by  some  limnologists  that  the 
periodicity  of  a  phytoplankton  species  is  the  same  throughout 
a  lake.  However,  the  data  presented  in  this  thesis  show 
that  in  the  surface  meter  of  Wabamun  Lake  the  periodicity  of 
certain  species,  Fragilaria  oapuoina  (Figure31,  p.129), 
Synedra  ulna  (Figure  35, p. 131),  and  Melosira  spp .  (mostly 
Af.  granulata.  Figure  34, p. 130),  is  quite  different  at  one 
station  from  that  of  the  same  species  at  the  other  station. 
Since  it  is  impossible  to  separate  the  effects  of  light 
from  those  of  temperature  because  of  their  interrelations 
in  photosynthesis  (Lund  1965b  p.  232)  it  is  very  difficult 
to  estimate  the  role  of  the  heated  effluent  at  station  #1 
in  the  ecology  of  these  phytoplankton  species. 
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The  main  purpose  of  the  phytoplankton  study  of  Wabamun 
Lake  was  to  study  the  effect  of  the  thermal  effluent  from 
the  Calgary  Power  Plant  (Wabamun)  on  these  organisms.  It 
is  my  contention  that  the  heated  effluent  affected  the 
phytoplankton  community  only  in  an  indirect  manner,  since 
it  is  most  probable  that  the  extensive  submersed  aquatic 
vegetational  growth  is  a  result  of  the  thermal  gradient  at 
station  #1.  The  heated  area  appears  to  act  as  an  incubator 
and  promotes  the  growth  of  these  plants  at,  or  near,  their 
optimum  temperature.  Further  ecological  studies  of  the 
heated  zone  of  Wabamun  Lake  should  include  the  phytoplankton, 
but  increased  emphasis  should  be  placed  on  the  study  of  the 
submersed  aquatic  vascular  plants.  In  order  to  fully  under¬ 
stand  their  role  in  the  ecology  of  the  phytoplankton,  light 
and  temperature  studies  of  the  submersed  plants  should  be 

4  * 

made  under  controlled  conditions  in  order  to  determine  their 
optimal  temperature  range. 

The/ erection) of  a  second  power  plant  on  the  south 
shore  of  Wabamun  Lake  offers  new  opportunities  to  study 
the  effect  of  a  heated  effluent  on  the  growth  of  submersed 
aquatic  vascular  plants.  At  present,  there  are  very  few 
submersed  aquatic  vascular  plants  near  the  new  power  plant. 

By  mapping  the  plants  in  this  area  an  indication  of  their 
abundance  and  distribution  may  be  obtained.  If  determin¬ 
ations  of  the  standing  crop  of  the  submersed  aquatic  vascular 
plants,  along  with  distribution  studies,  were  continued  over 
a  period  of  time,  the  development  of  a  situation  similar  to 
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that  near  the  first  power  plant  might  be  observed.  Such 
a  study  could  prove  very  useful  in  demonstrating  the  effect 
of  the  heated  effluent  on  the  growth  of  submersed  plants. 

Another  ambitious  project  which  could  possibly  elucidate 
problems  of  phytoplankton  distribution  would  be  a  study  of 
the  regional  distribution,  life  cycles,  and  reproductive 
rates  of  the  zooplankton  in  the  heated  and  non-heated 
portions  of  Wabamun  Lake.  It  has  been  shown  that  there  is 
a  statistically  significant  relationship  between  the  density 
fluctuation  of  algal  crops  and  the  temperature  of  the  water 
on  the  one  hand,  and  the  reproductive  rate  of  rotifers  on 
the  other  (Edmondson  1960) . 
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